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PROCEKDINas. 


January  30,  185G. 


The  NiN'Tii  Annual  Genkral  Meetino  of  the  ^fembcrs  was  held 
at  the  house  of  the  Institution,  Newhall  Street,  Birmingham,  on 
Wednesday,  30th  January,  I80G  ;  William  Fairbairn,  Esq.,  F.R.S., 
President,  in  the  Chair. 

The  Minutes  of  the  last  General  Meeting  were  read  by  the 
Secretary,  and  were  confirmed. 

The  Secretary  then  read  the  following 

ANNUAL  REPORT  OF  THE  COUNCIL. 
1856. 

The  Council  have  the  pleasure  of  reporting  to  the  Members,  on 
phe  occasion  of  the  Ninth  Anniversary  of  the  Institution,  the 
continued  success  and  progress  of  the  Institution. 

The  Financial  statement  of  the  affairs  of  the  Institution  for  the 
year  ending  31st  December,  1855,  shows  a  balance  in  the  Treasurer's 
hands  of  £235  lOs.  7d.,  after  the  payment  of  all  accounts  due  to 
that  date.  The  Finance  Committee  have  examined  and  checked  all 
the  receipts  and  payments  of  the  Institution  for  the  last  year,  1855, 
and  report  that  the  following  Balance  Sheet  rendered  by  the 
Treasurer  is  correct. 

{See  Balance  Slitti  aj^)j^>eiuled.) 

The  number  of  Members  of  all  classes  for  the  last  year  is  '218, 
of  whom  14  are  Honoi*ary  Members,  and  2  are  Graduates. 

The  Council  have  to  report  the  decease  of  two  Members  of  the 
Institution  during  the  past  year,  namely  : — 

Robert  Crosland, Bi-adford. 

John  Linn,  Jun Liverpool. 

D 
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The  Council  have  the  pleasure  of  acknowledging  the  following 
Donations  to  the  Libx'ary  of  the  Institution  during  the  past  year  : — 

The  Lowell  Hydraulic  Experiments,  by  Mr.  James  B.  Francis,  of  Lowell,  U.S., 

from  the  Author. 
D.  K.  Clark  on  Railway  Machinery,  from  the  Author. 

Useful  Information  for  Engineers,  by  Mr.  William  Fairbairn,  from  the  Author. 
A  Treatise  on  the  Cornish  Pumping  Engine,  by  Mr.  William  Pole,  from  the 

Author, 
Translation  of  Alban  on  the  High  Pressure  Engine,  by  Mr.  William  Pole,  from 

the  Author. 
On  the  Friction  of  Engines,  do.  do. 

On  the  Strength  and  Deflection  of  Beams,     do.  do. 

On  the  Pressure  and  Density  of  Steam,        do.  do. 

On  the  Action  of  the  Crank,  do.  do. 

On  the  Motion  of  Fluids,  do.  do. 

On  the  Prismatic  Clinometer,  do.  do. 

On  the  Errors  of  Time  Keepers,  do.  do. 

On  the  Water  Supply  of  London,  do.  do. 

Engravings  and  Description  of  the  Compressed   Air   Piles  employed  in  the 

construction  of  Rochester  Bridge,  by  Mr.  John  Henderson. 
Copies  of  Pamphlets  on  Public  Baths  and  Washhouses,  and  on  Town  Buildings, 

by  Mr.  Henry  Maudslay. 
Engraving  of  the  Wrought  Iron  Pier  for  the  Royal  Albert  Bridge  at  Plymouth, 

by  Mr.  Joseph  Radford, 
Drawing  of  the  Pumping  Engines  of  the  Wolverhampton  Water  Works,  by 

Mr.  Henry  Marten, 
Transactions  of  the  North  of  England  Institution  of  Mining  Engineers. 
Transactions  of  the  Royal  Scottish  Society  of  Arts. 
Transactions  of  the  Liverpool  Polytechnic  Society. 

Abstract  Minutes  of  Proceedings  of  the  Institution  of  Civil  Engineers. 
Journal  of  the  Society  of  Arts. 
The  Artizan  Journal,  from  the  Editor. 

The  Civil  Engineer  and  Architect's  Journal,  from  the  Editor. 
The  London  Journal  of  Arts,  from  the  Editor, 
The  Mechanics'  Magazine,  from  the  Editor, 
The  Mining  Journal,  from  the  Editor. 
The  Practical  Mechanic's  Journal,  from  the  Editor. 
The  Railway  Record,  from  the  Editor. 
Two  miniature  Busts  in  Cast  Iron  of  George  Stephenson  and  James  Watt,  by 

Mr.  John  Fernie. 
Specimen  of  an  improved  Pressure  Gauge,  by  Mr.  F.  Gray. 
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Specimen  of  an  improved  Tuyere,  by  Mr.  C.  Beyer, 

Specimen  of  an  improved  Lubricator  for  Cylinders,  by  Mr.  li.  Eaton. 

Specimens  of  Boiler  Plate,  Wheel  Tyres,  and  Bar  Iron,  from  the  Farnley  Iron 

Company. 
Specimens  of  Compound  Metallic  Rods  and  Bars,  by  Mr.  E.  J.  Payne. 
Specimen  of  an  improved  Railway  Spring  and  Axle  Box,  by  Mr.  W.  B.  Adamfi. 
Specimen  of  an  improved  Axle  Box,  by  Mr.  G.  M.  Miller. 
Specimen  of  an  improved  Axle  Box,  by  Mr.  W.  G.  Craig, 

The  Council  have  much  satisfaction  in  referring  to  the  practical 
value  and  interest  of  the  papers  that  have  been  brought  before  the 
Institution  (luring  the  past  year,  and  expressing  their  thanks  to  the 
Authors  of  the  papers  for  the  valuable  information  they  have 
furnished  the  Institution.  The  Council  wish  to  urge  on  the 
attention  of  the  Members  the  importance  of  their  aid  in  promoting 
the  objects  of  the  Institution,  by  contributing  papers  on  Engineering 
subjects  that  have  come  under  their_ observation,  and  communicating 
the  particulars  of  executed  works,  with  the  results  of  their  working, 
that  may  be  serviceable  and  interesting  to  the  Members.  The 
Council  invite  communications  from  the  Members  and  their  friends, 
upon  the  subjects  in  the  list  appended,  and  other  subjects 
advantageous  to  the  Institution  ;  and  also  contributions  to  the 
Library,  and  to  the  collection  of  Mechanical  Models  and  Drawings. 

The  following  Papers  have  been  read  at  the  Meetings  during  the 
last  year  : — 

Description  of  an  improved  Steam   Hammer ;    by  Mr.   Robert  Morrison,  of 

Newcastle-on-Tyne. 
On  a  new  manufacture  of  Compound  Metallic  Rods  and  Bars  ;  by  Mr.  Edward 

J.  Payne,  of  Birmingham. 
Description   of    an   improved    Safety  Yalve,    for    Locomotive,    Marine,    and 

Stationary  Steam  Boilers  ;  by  Mr.  James  Fenton,  of  Leeds. 
Description  of  an  improved  Tuyere  for  Smiths'  Hearths  ;   by  Mr.  John  Ross, 

of  Birmingham.  ' 
Description  of  a  new  Moulding  Machine  for  Cog  and  other  Wheels  ;  by  Mr. 

Peter  Rothwell  Jackson,  of  Manchester. 
On  an  improved  Tuyere  for  Smiths'  Hearths  ;  by  Mr.  John  Fernie,  of  Derby. 
On  the   Commercial    Economy  of   Working   Steam   Expansively  in   Marine 

Engines,  with  description  of  a  new  Double  Expansive  Marine  Engine  ;  by 

Mr.  Edward  E.  Allen,  of  London. 
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Description  of   au  improved  Tuyere   aud  Smiths'   Hearth  ;    by    Mr.   Charles 

Beyer,  of  Manchester. 
On  an  improved  Pressure  Gauge,  for  Steam  and  Water  ;  by  Mr.  John  E.  Clift, 

of  Birmingham. 
On  an    Equatorial    Motion  for  Telescopes ;    by   Mr,    Thomas    Richards,    of 

Birmingham. 
Description  of   a  new  Expansive  Valve  Motion  for  Steam  Engines  ;  by  Mr, 

George  M.  Miller,  of  Dublin. 
Description  of  an  improved  Blowing  Engine  ;  by  Mr.  Edward  A.  Cowper,  of 

London. 
On  an  improved  Spring  for  Railway  Carriages ;  by  Mr.  W.  Bridges  Adams,  of 

London. 
Description  of  a  new  Packing  for  Steam  Engine  Pistons ;  by  Mr.  David  Joy, 

of  Worcester. 
On  a  new  construction  of  Pumping  Engine  ;   by  Mr.  William  Fairbairn,  of 

Manchester. 
On  an  improved  Axle  Box  and  Spring  Fittings  ;  by  Mr.  William  G,  Craig,  of 

Manchester, 
Description  of  a  new  construction  of  Steam  Boiler  ;  by  Mr.  Thomas  Dunn, 

of  Manchester. 
Description  of  an  improved  Horizontal  Condensing  Steam  Engine  ;   by  Mr. 

William  B.  Johnson,  of  Manchester. 
On  the  construction  of  Packing  Rings  for  Pistons ;  by  Mr.  John  Ramsbottom, 

of  Manchester. 

The  President,  Vice-Presidents,  and  Officers  of  the  Institution, 
and  five  of  the  Members  of  the  Council  in  rotation,  will  go  out  of 
office  this  day,  according  to  the  Rules  of  the  Institution  ;  and  the 
ballot  will  be  taken  at  the  present  Annual  Meeting  for  the  election 
of  the  Officers  and  Council  for  the  ensuing  year. 


The  Chairman  observed  that  the  report  of  the  Council  that  had 
been  presented  was  very  satisfactory,  and  the  position  of  the 
Institution  was  decidedly  encoiiraging.  It  gave  him  great  pleasure 
to  observe, the  progress  made  during  the  two  years  he  had  had  the 
honour  of  filling  the  office  of  President.  The  numerous  papers  that 
had  been  brought  before  the  meetings  were  valuable  and  interesting, 
and  made    an  important  addition,    together    Avith    the    drawings 
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and  models  that  had  been  presented,  to  the  stock  of  the  Institution, 
lie  Iiad  taken  the  ojiportunify,  when  cnmnicucing  ofriee,  of  calliiif^ 
tlie  attention  of  the  ^[cnibers  to  the  advanlages  that  would  arise 
from  the  formation  of  a  library  of  reference  in  the  Institution,  and 
he  was  very  glad  to  notice  the  advance  that  had  been  made  towards 
that  irapoi'tant  object.  Ho  hoped  all  the  Members  would  aid  in 
extending  the  collection  thus  commenced,  as  far  as  they  were  able, 
by  presenting  to  the  Institution  library  any  volumes  of  engineering 
and  scientific  books  that  they  could  spare  ;  all  such  donations  would 
bo  very  serviceable,  and  also  models  and  drawings,  or  such  other 
contributions  as  were  calculated  to  form  a  mechanical  museum  of 
reference,  which  he  hoped  would  be  carried  out. 

He  had  no  doubt  there  would  be  a  great  increase  in  the  number 
of  members  and  the  papers  that  we're  brought  before  the  meetings, 
and  that  the  Institution  would  go  on  widely  extending  its  sphere  of 
usefulness.  Such  an  Institution  was  particularly  valuable  and 
important  in  a  country  such  as  their  own,  which  was  so  dependent 
on  mechanical  engineering  in  all  branches  of  manufactures  and 
commerce,  and  also  in  war ;  and  there  was  a  wide  field  open  for 
the  exertions  of  its  members.  The  opportunity  afforded  by  tlie 
Institution  for  bringing  forward  and  discussing  subjects  of 
professional  interest,  and  comparing  the  results  of  the  experience 
of  the  Members,  would  prove  advantageous  to  all,  and  would  confer 
important  benefits  in  promoting  improvements  and  ascertaining 
practical  results. 

The  Chairman  then  moved  that  the  Report  of  the  Council  be 
received  and  adopted,  which  was  passed. 

The  Chairman  said  he  had  much  pleasure  in  proposing  a  special 
vote  of  thanks  to  the  authors  of  the  papers  that  had  been  brought 
before  the  Institution  during  the  past  year,  and  to  all  the  gentlemen 
who  had  presented  books  to  the  Library  and  drawings  or  models. 

The  vote  of  thanks  was  passed. 

The  Chairman  announced  that  the  Ballot  Papers  had  been  opened 
by  the  Committee  appointed  for  the  purpose,  and  the  following 
Officers  and  Members  of  Council  were  duly  elected  for  the  ensuing 
year :— 
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president. 
Joseph  "Whitworth,  . 

vice-presidents. 
William  Fairbairn,    . 

Benjamin  Fothergill,  . 

John  Henderson, 

James  E.  McConnell,  . 

John  Penn, 

John  Scott  Russell,     , 

council. 
Charles  Beyer 

John  E.  Olift, 

Alexander  B.  Cochrane, 

Sir  Charles  Eox,  . 

John  Ramsbottom, 
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Tho  following  Paper,  by  Mr,  Henry  Marteu,  of  Wolverliarapton, 
was  then  read  :  — 

DESCRIPTION    OF    THE    PU;MPIXa    ENGINES    OF    THE 

WOLVERHAMPTON   WATER   WORKS, 

WITH   SOME   REMARKS   ON   WATER   PUMPING. 

The  engines  described  in  the  present  paper,  and  of  whicli 
drawings  have  been  presented  to  the  Institution,  have  been  erected 
and  at  work  now  some  years.  They  consist  of  a  pair  of  engines  at 
Tettenhall,  constructed  from  the  designs  of  Mr.  Thomas  Wickstecd, 
!M.I.C  E.,  and  erected  in  1847  by  Mr.  James  Kay,  of  Bury;  and 
also  an  engine  at  Goldthorn  Hill,  constructed  in  1851  by  Messrs. 
Hawthorn,  of  Newcastle-on-Tyne,  members  of  this  Institution. 

The  engines  at  Tettenhall  are  single  direct-action  non-condensiug 
engines,  and  are  shown  in  the  general  view,  Fig.  1,  Plate  41,  to  a 
spiall  scale,  and  in  detail  to  a  larger  scale,  in  Figs.  2  to  8,  Plates  42, 
43,  and  44.  The  cylinders  A  A  are  36  inches  diameter,  and  9  feet 
G  inches  stroke.  The  plunger  pumps  B  B,  Fig.  5,  are  13  inches 
diameter,  lifting  about  300  feet.  The  steam  is  admitted  to  the 
cylinder  at  a  pressure  of  about  35  lbs.,  and  cut  off  at  2-3rds  of 
the  stroke.  The  boilers  are  cylindrical,  two  in  number,  26  feet 
long,  and  6  feet  diameter,  with  two  tubes  in  each,  25^  inches 
diameter,  and  internal  fires.  The  flame  from  each  fireplace  jiasses 
along  the  tube,  thence  round  to  the  front  again  by  the  side  of  the 
boiler  next  to  its  tube,  and  thence  the  two  uniting  pass  along  the 
bottom  into  the  chimney. 

The  boilers  were  originally  constructed  with  only  one  flue  in 
each,  of  3  feet  9  inches  diameter;  but  it  was  found  that  the 
steam  space  was  much  too  small  for  the  size  of  the  cylinders,  and 
that  the  great  draught  of  steam  from  the  boiler  at  each  stroke  of 
the  engine,  and  the  consequent  irregularity  of  pres.sure,  so  derauced 
the  tube  as  to  cause  a  constant  leakage  at  the  angle  irons  at  each 
end.  It  has  been  found  in  practice  that  the  two  smaller  tubes  are 
in  every  respect  preferable  to  the  single  one,  as  they  alloAv  more 
steam  i*oom,  better  heating  surface,  and  afiord  convenience  for 
cleaning  all  round  under  the  bottom,  and  by  permitting  the  water 
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level  to  be  nearer  tlie  centre  of  the  boiler  shell,  they  admit  of  a 
larger  water  surface  for  the  delivery  of  the  steam  as  it  is  generated 
in  the  water,  so  that  the  ebullition  is  less  violent,  and  the  formation 
of  steam  more  rapid. 

The  boilers  are  covered  with  loam  or  moulding  sand  to  a  depth 
of  about  6  inches  over  the  top.  This  substance,  which  should  be 
protected  by  a  roof  from  being  blown  away,  is  found  to  be  a  very 
good  non-conductor,  very  little  heat  radiating  through  it  to  the 
upper  surface.  It  has  also  this  advantage  over  neai'ly  all  other 
materials  employed  for  the  same  purpose — that  no  condensation  can 
take  place  in  it  within  two  or  three  inches  of  the  boiler  plates,  since 
for  that  distance  it  forms  a  sand  bath  as  hot  as  the  steam,  which,  in 
the  event  of  any  leakage,  blows  through  it  dry,  and  consequently 
no  corrosive  action  upon  the  plates  can  take  place.  Condensation 
ca.nnot  occur  until  at  a  distance  of  three  or  four  inches  from  the 
plates,  spreading  thence  very  gradually  with  the  escape  of  the  vapour 
towards  the  surface  of  the  sand,  where  a  moist  patch  is  observed, 
indicative  of  what  is  going  on  below.  With  a  material  of  this 
description,  any  portion  of  the  boiler  top  can  be  uncovered  with  a 
shovel  and  examined  at  once.  For  the  purjDOse  of  experiment  at 
Tettenhall  steam  blows  at  two  places  in  the  boilers  covered  in  this 
manner  were  suffered  to  remain  unx'epaired  for  a  couple  of  years,  in 
'order  to  try  the  effect  fully,  and  the  result  was  an  entire  absence  of 
corrosive  action,  as  desciabed  above.  In  the  opinion  of  the  writer, 
loam  sand  is  much  preferable  for  this  purpose  to  any  other  material, 
provided  always  that  it  is  protected  by  a  roof  or  covering.  It  is 
much  cheaper  than  felt,  brick,  or  iron  casing,  and  the  plates  are 
much  more  readily  inspected  than  with  the  latter  coverings.  It  is 
also  much  superior  to  furnace  ashes,  cindei'S,  or  riddlings,  which  are 
often  placed  over  boilers,  as  these  substances  frequently  contain 
acids  and  other  chemical  impurities,  which  on  being  brought  into 
contact  with  waste  steam,  act  very  injuriously  on  wrought  iron ;  in 
some  situations  the  author  has  seen  plates  nearly  eaten  through 
from  improper  coverings  of  this  description. 

In  the  pump  work,  shown  in  Figs.  5,  6,  and  7,  there  is  little 
requiring  special  notice :  the  valves  are  ring  valves,  rising  on  a 
centre  spindle,  as  shown  in  Fig.  8  ;   they  are  of  cast  iron  galvanized. 
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boating  on  wooden  faces.  Originally  they  beat  upon  a  mixture  of 
lead  and  tin,  but  this  «ouu  becume  loose  in  the  seating  aiid  leaked  • 
oak  was  then  tried,  but  the  acid  peculiar  to  this  wood  corroded  the 
cast  iron,  so  that  these  beats  were  obliged  to  be  discontinued.  Lance- 
wood,  box,  and  beech  have  also  been  tried,  but  nothing  answers  so 
well  as  holly,  which  is  now  employed,  and  continues  to  work  well. 

The  area  of  the  suction  valve  C  is  2.16  square  inches,  being  about 
2\  times  the  area  of  the  plunger,  and  that  of  the  delivery  valve  D  is 
1G3  square  inches,  or  about  Ij  times  the  area  of  the  plunger.  The 
enlargement  of  the  suction  valve  to  this  extent  is  found  to  be 
very  serviceable  where  the  velocity  of  the  plunger  is  likely  to 
be  great  in  the  ascending  stroke. 

The  steam  valve  E,  the  equilibrium  valve  F,  and  the  exhaust 
valve  G,  are  of  gun  metal,  and  on  the  double-beat  construction. 
Their  areas  are  as  follows  :  — 

Steam  Valve    .    .     50  square  inches  =  l-20th  of  area  of  cylinder. 
Equilibrium  Valve   50  „  =  1.20th  of  area  of  cylinder. 

Exhaust  Valve     .     78  „  =1-1 3th  of  area  of  cylinder. 

The  piston  rod  and  pump  rod  are  connected  with  across  head  H, 
working  on  V  slides  attached  to  the  supporting  columns  I,  Fio^s.  2 
and  3.  The  plug  rod  K  and  the  valve  motion  are  worked  from  a 
slight  wrought  iron  beam  L  under  the  cylinder  floor,  connected  at 
one  end  to  the  cross  head  H,  and  at  the  other  end  slung  to  parallel 
links.  The  feed  pump  M  is  also  attached  to  this  beam.  The  water 
for  the  feed  is  passed  through  a  heater  N,  situated  in  the  corner  of 
the  engine  house,  and  formed  by  an  enlargement  of  the  waste  steam 
pipe,  1  foot  G  inches  diameter,  along  the  centre  of  which  for  some 
distance  the  feed  pipe  is  conducted,  occupying  about  two  thirds  the 
area  of  the  heater. 

The  engine  is  regulated  by  a  water  cataract  governed  by  a  small 
ratchet  wheel  and  screw.  The  number  of  strokes  per  minute  varies 
from  3  or  4  to  10  or  11,  the  average  speed  of  the  piston  being  130 
to  140  feet  per  minute  ;  the  quantity  of  water  dehvered  per  stroke  is 
56  gallons.  The  area  of  the  plunger  is  132  square  inches,  and  the 
pressure  on  the  bottom  of  the  plunger  is  130  lbs.  per  square  inch, 
making  a  total  dead  luad  of  17,1G0  lbs.,  equal  to  a  dead  pressure  of 
16|  lbs.  per  square  inch  on  the  surface  of  the  steam  piston. 

C 
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These  engines  are  working  for  their  kind  at  a  fair  duty,  performing 
about  27,000,000  lbs.  lifted  one  foot  high  per  minute,  with  a  consump- 
tion of  1  cwt.  of  the  small  common  slack  of  the  neighbourhood. 
With  Newcastle  or  Welsh  small  coal  they  would  perform  a  duty  of 
36,000,000  lbs. 

The  engine  at  Goldthorn  Hill,  shown  in  the  general  view  to  a 
small  scale.  Fig.  9,  Plate  41,  is  given  merely  as  a  sample  of  a  good 
useful  pumping  engine  fitted  for  this  neighbourhood.  It  is  a  low- 
pressure  condensing  beam  engine  ;  the  cylinder  is  48  inches  diameter, 
with  an  8  feet  stroke ;  the  boilers  are  30  feet  long,  and  7  feet 
diameter,  with  twO'  tubes,  2  feet  diameter  beyond  the  furnace,  and 
2  feet  by  2  feet  4  inches  at  the  fireplaces.  The  pressure  of  the 
steam  is  about  15  lbs.  per  square  inch.  The  boilers  are  clothed  with 
felt  and  wood  lagging,  which  was  completed  before  the  experiments 
with  loam  sand  had  been  tried. 

To  avoid  the  almost  constant  trouble  which  arises  from  leakage 
at  the  steam  valves  on  the  boiler  tops  from  the  expansion  and 
contraction  of  the  main  range  of  steam  pipes,  Mr,  Hawthorn 
suggested  that  the  main  steam  pipe  should  be  conducted  to  the  steam 
chest  with  a  quadrant  curve,  as  shown  in  the  plan,  Fig.  9,  so  as  to 
allow  the  two  extremities  connected  with  the  steam  nozzles  a 
considerable  amount  of  expansion  and  contraction,  without  a  thrust 
sufficient  to  break  any  joints  ;  and  the  writer  has  pleasure  in  stating 
that  this  arrangement  has  been  completely  successful,  as  there  has 
not  been  the  slightest  leak  either  at  the  nozzles  or  steam  chest.  This 
arrangement  is  useful  and  efficient  where  there  is  one  steam  pipe 
leading  off  from  between  two  boilers  ;  where  however  the  steam  pipe 
leads  off  from  one  side,  or  where  there  is  a  range  of  more  than  two 
boilers,  it  is  not  applicable ;  and  in  these  latter  cases  the  writer  has 
found  no  expansion  joint  so  simple  and  effective  as  the  wrought  iron 
diaphragm  joint,  consisting  of  a  couple  of  circular  wrought  iron 
plates,  about  2^  times  the  diameter  of  the  pipe,  bellied  about  3  inches, 
and  rivetted  together  at  the  outer  rim  and  to  flanges  on  the  main 
range  of  steam  pipe. 

There  is  another  point  of  detail  in  connection  with  the  boilers  to 
which  the  writer  would  wish  to  call  attention,  as  it  is  useful  though 
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fit-quently  overlooked.  The  hot  and  cold  feed  and  blow  off  are  all 
led  into  jind  out  of  the  boiler  through  the  same  pipe  ;  this  annngement 
avoids  the  numerous  holes  usually  cut  into  boilers  for  these  purposes, 
and  any  impurity  which  may  enter  the  boiler  with  the  hot  and  cold 
feed  is  deposited  in  close  proximity  to  the  blow  off.  In  the  present 
instance,  the  pipe  is  of  wrought  iron,  and  is  ri vetted  on  to  the 
underside  of  the  front  end  of  the  boiler,  and  the  arrangement  of  the 
valves  is  somewhat  similar  to  those  of  a  bath,  where  the  hot,  cold, 
and  outlet  valves  all  take  off  the  same  pipe. 

It  is  also  important  that  the  feed  should  enter  the  coldest  portion 
of  a  boiler,  which  from  the  action  of  the  currents  in  those  with 
internal  flues  is  just  under  the  fire  grate.  When  attention  is  not 
bestowed  on  this  point,  it  frequently  happens  that  seams  and  rivets 
leak  from  the  sudden  changes  of  temperature  to  which  they  are 
liable. 

The  boilers  are  flat  ended,  and  have  no  stays,  but  there  are  three 
stout  T  irons  rivetted  on  to  the  flat  plates  forming  the  ends,  so  as  to 
stiffen  them  against  the  pi-essure.  This  remark  applies  also  to  the 
boilers  at  Tettenhall,  which  are  flat  ended,  with  T  ii;pn8  of  the  same 
description,  working  under  a  pressure  of  35  lbs.  per  square  inch. 

The  writer's  experience  has  led  him  to  the  conclusion,  that,  as  a 
general  rule  and  as  far  as  circumstances  will  possibly  permit,  all 
boilers  should  be  so  constructed  as  to  require  no  artificial  support 
from  stays  ;  these  tend  to  pull  a  boiler  out  of  shape,  loosen  rivets, 
and  are  difficult  effectually  to  fasten  or  repair  ;  flaws  are  not  readily 
detected  in  them,  and  often  when  their  services  are  most  required 
they  give  way  from  hidden  corrosion,  or  else  they  strain  the  boiler 
so  as  seriously  to  damage  it,  if  not  fixed  exactly  in  the  direction  of 
the  Hne  of  tension. 

The  pumps  at  Goldthorn  Hill  draw  the  water  from  a  well  about 
90  yards  deep,  and  this  depth  is  divided  into  two  lifts  of  about  45 
yards  each  ;  the  diameter  of  the  bottom  working  barrel  is  1-i  inches, 
and  that  of  the  top  13^  inches.  The  valves  are  ring  valves  of  gun 
metal,  with  gun  metal  seats.  The  average  speed  of  the  piston  is 
100  feet  per  minute,  and  the  quantity  of  water  raised  per  stroke  is 
48  gallons  ;  the  total  dead  pressure  is  19,305  lbs.,  equal  to  130  lbs. 
per  square  inch  of  area  of  the  working  barrel,  and  to  10^  lbs.  per 
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square  inch  of  surface  of  the  piston.  The  steam  is  cut  off  at  about 
half  stroke  ;  the  steam,  equilibrium,  and  exhaust  valves  are  double- 
beat  gun  metal  valves,  and  their  sizes  are  as  follows  : — 

Steam  Valve     .     .     51  square  inclies=:l-36tli  of  area  of  cylinder. 

Equilibrium  Valve  51  «  =  l-36tli  of  area  of  cylinder. 

Exhaust  Valve     .    64  >)  =1-28^11  of  area  of  cylinder. 

The  duty  of  the  engine  averages  about  40,000,000  lbs.  raised  one 
foot  high  per  minute,  with  1  cwt.  of  slack. 

The  Tettenhall  engines  deliver  the  water  over  a  stand  pipe, 
180  feet  high,  whence  it  flows  by  its  own  gravitation  to  the  town. 
The  Goldthorn  Hill  engine  delivers  through  an  air  vessel  into  two 
covered  reservoirs  lying  near  the  engine,  and  raised  about  20  feet 
above  the  top  hft,  and  holding  together  1,500,000  gallons.  The 
reservoirs  are  arched  over,  and  covered  with  two  feet  of  soil,  for  the 
purpose  of  preventing  vegetation  and  variation  in  the  temperature 
of  the  water  when  exposed  to  the  atmosphere,  and  this  end  is 
answered  well,  the  water  remaining  for  months  of  the  same 
temperature,  and  perfectly  clear  and  free  from  all  vegetable  or 
animal  impurities.  The  reservoirs  are  prevented  from  being  overfilled 
by  a  self-acting  check  valve,  shown  in  Figs.  10  to  13,  Plate  45, 
which  shuts  against  any  supply  beyond  a  certain  limit,  so  that  the 
man  woi'king  any  pumping  engine  at  a  distance  at  once  knows 
when  his  work  is  done.  The  valve  is  so  arranged,  that  immediately 
the  engine  ceases  to  work,  the  supply  to  the  town  is  maintained 
from  the  reservoir  through  the  flap  valves  O,  underneath  the  self- 
acting  stop  valve  P,  which  open  immediately  there  is  any  requirement 
for  the  supply  to  the  town. 

The  object  of  a  stand  pipe  is  that  the  water  may  be  always 
delivered  from  the  engine  over  one  uniform  height,  and  consequently 
of  one  uniform  pressure  on  the  engine,  whatever  varying  circumstances 
may  affect  the  delivery  after  the  water  has  once  passed  the  top  of 
the  stand  pipe.  Thus  far  it  is  useful,  as  the  engine  can  always 
work  under  a  defined  pressure;  but  it  is  rather  a  costly  and 
unsightly  mode  of  attaining  what  in  practice  is  found  to  be  an 
unnecessary  degree  of  perfection  ;  since  with  a  tithe  of  the  cost  all 
the  necessary  safety  can  be  procured  by  pumping  into  an  air  vessel 
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with  a  clii'ck  vnlvo  on  the  delivery  side  ;  so  thnt  in  ease  of  u  pipe 
bursting,  or  tiny  suddun  diniiiiiition  of  pressure  tnkiiip  place,  it 
would  be  iujpossiblo  for  the  cngiuo  to  '*  go  out  of  doors"  at  more 
than  a  certain  regulated  speed,  by  the  partiul  contraction  of  the 
area  of  discharge  through  the  self-acting  movement  of  the  check 
valve.  Unless  the  stand  pipes  are  carefully  cased  in  winter,  they 
are  in  great  danger  of  being  frozen,  and  very  serious  consequences 
have  arisen  from  this  cause.  There  is  also  a  drawback  with  them, 
on  account  of  the  great  weight  of  the  column  of  water  which  has  to 
be  set  in  motion  from  a  dead  stand  at  each  stroke  of  the  engine. 

The  successful  working  of  any  pumping  engine  is  dependent  in 
a  great  degree  upon  the  perfection  of  the  pump  valves.  These 
mu.st  be  so  arranged  as  to  deliver  the  water  with  ea.se  and  rapidity, 
and  without  any  concussion  in  closing.  As  an  illustration  of  the 
great  practical  importance  of  this  question,  it  may  be  mentioned 
that  when  the  Cornish  pumping  engine  was  first  introduced  for 
Water  Works  purposes  on  a  large  scale,  it  was  on  the  point  of  being 
altogether  abandoned  on  account  of  the  imperfection  of  the  pump 
valves.  The  valves  were  of  very  large  area,  and  on  the  old  butterfly 
principle,  and  consequently,  under  the  heavy  pressure  at  which 
they  were  working,  the  concussion  caused  in  shutting  was  so  violent 
as  to  occasion  serious  alarm  for  the  safety  of  the  machinery  and 
foundations.  For  some  time  the  problem  to  be  solved — to  find  a 
method  of  constructing  a  valve  which  should  present  a  maximum 
area  of  discharge,  with  a  minimum  area  of  surface  exposed  to  the 
concussion  of  the  recoiling  load  at  the  termination  of  each  stroke  of 
the  pump — presented  ditficulties  that  appeared  insurmountable, 
until  the  idea  of  the  application  of  a  modification  of  the  double- 
beat  steam  valve  for  the  purpose  happily  occurred  to  Messrs.  Harvey 
and  West.  These  gentlemen  adopted  the  expedient  of  making  the 
double-beat  valve  self-acting,  by  slightly  contracting  the  upper  beat, 
as  shown  in  Fig.  14,  so  as  to  allow  the  ditference  between  the  areas 
of  the  out«ide  of  the  upper  beat  and  the  inside  of  the  lower,  as  a 
-urface  upon  which  the  pressure  might  act  for  opening  and  shutting 
lie  valve.  This  plan  an.'^wered  admirably;  the  valve  in  opening  a 
very  blight  distance  gave  a  large  area  of  discharge,  and  the  area 


14  WATEii    WORKS    ENGINES. 

VLjton  which  the  recoiHng  column  descended,  being  only  the  difference 
between  the  upper  and  lower  areas,  and  not  the  entire  area  of 
discharge  as  in  the  old  butterfly  valve,  formed  a  surface  insufiicient 
to  cause  any  concussion.  This  valve  also  afforded  under  all 
circumstances  a  means  of  regulating  the  pressui'e  tending  to  shut 
the  valve,  whatever  might  be  the  height  of  the  column  of  water  or 
the  total  pressure  of  the  recoiling  column,  by  adjusting  the  difference 
of  area  of  the  upper  and  lower  beats  inversely  in  proportion  to  the 
height  of  the  column. 

For  ordinary  purposes,  that  is  to  say  for  small  lift  pumps  and 
coUieiy  engines,  the  butterfly  valve  is  very  serviceable,  as  there  are 
no  expensive  faces  to  be  ground  up,  or  liable  to  derangement  from 
impurities  or  grit  in  the  water,  and  they  are  easily  and  readily 
repaired  on  the  spot.  For  a  class  of  work  one  grade  higher  than 
ordinary,  the  writer  has  foand  no  description  of  valve  answers 
better  than  the  double-beat  ring  valve,  similar  to  those  employed  in 
the  engines  at  Tettenhall  and  Goldthorn  Hill,  and  shown  in  Fig.  8. 
Large  valves  of  this  construction,  of  16  to  20  inches  diameter, 
answer  well  made  of  cast  iron  with  wooden  beats.  Smaller  valves, 
of  8  to  15  inches  diameter,  are  better  of  gun  metal  working  face  to 
face.  Of  the  latter  description  the  writer  has  had  some  at  work 
for  more  than  two  years,  under  a  pressure  of  260  feet  head, 
without  any  perceptible  wear  having  occurred. 

At  the  Hull  Water  Works,  a  new  description  of  valve  has  been 
adopted  in  one  of  the  pumps  for  some  time,  and  is  found  to  answer 
remarkably  well.  The  valve  is  shown  in  Figs,  15  and  16,  and 
consists  of  a  pyramid  of  circular  seats,  one  above  another,  in  each 
of  which  there  are  a  number  of  small  circular  beats,  about  2  inches 
diameter,  into  which  a  corresponding  number  of  gutta-percha  balls 
drop.  The  action  of  this  valve,  as  will  be  seen  from  the  figure,  is 
very  simple.  It  was  invented  by  Mr.  Hosking,  and  inserted 
in  the  place  of  a  double-beat  valve.  It  is  22  inches  diameter,  and 
works  under  a  head  of  160  feet,  in  connection  with  a  plunger  pump 
with  a  direct-action  steam  cylinder.  Immediately  upon  starting  it 
was  found  that  this  valve  lightened  the  burden  of  the  engine  about 
H  cwt.,  and  it  has  since  been  working  with  great  satisfaction  for  a 
considerable  period. 

The  advantages  of  this  valve  are  more  than  are  apparent  at  the 
first  glance.  In  the  first  place,  it  is  much  safer  than  any  other 
form  of  valve,  as  will  be  seen  at  once,  supposing  a  piece  of  wood  or 
other  material  should  pass  through  the  pump,  as  is  not  unfrequently 
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tho  case.  With  (he  ordinary  valve,  if  it  should  be  caught  on  the 
boat,  it  would  hold  tho  whole  valve  open,  and  let  the  engine  "  conio 
out  "  with  a  run,  and  possibly  cause  cunsiderablo  duiuage  ;  but 
with  tho  small  balls,  a  piece  of  wood  so  caught  could  prop  open 
only  1  out  of  oG  balls,  which  is  so  small  a  per-ccutage  of  the  whole 
opening,  that  it  would  merely  enable  the  man  in  charge  of  the 
engine  to  perceive  that  there  was  a  Ijttle  amiss  by  an  increase  of 
leakage,  but  could  cause  no  damage. 

In  the  second  place,  tho  balls  Ijeing  nearly  of  the  same  specific 
gravity  as  the  water  are  just  floated  open,  the  moment  the  current 
turns  in  their  favour;  whereas  in  all  other  valves,  in  addition  to  tho 
lumn  of  water  to  be  lifted,  there  is  also  the  weight  of  the  heavy 
metal  valve  to  be  opened  and  held  .suspended  duriug  each  stroke. 
This  was  practically  exeuiplilied  in  the  Hull  case  mentioned  above, 
where  a  considerable  load  was  at  once  removed  from  the  engine  on 
the  application  of  the  new  valve.  With  larger  valves  this  point 
becomes  one  of  still  greater  importance,  as  they  often  wei'^h  5  or 
n  cwt.  each.* 

In  the  next  place,  whilst  the  area  of  discharge  may  be  made 
fully  equal  to  that  of  the  plunger,  the  area  exposed  to  concussive 
action  in  the  closing  of  the  valve  is  reduced  to  the  smallest  possible 
limits,  being  practically  reduced  to  the  impinging  force  upon  one 
ball,  the  last  one  that  shuts,  that  is,  l-56th  only  of  the  total  area  of 
beating  face  This  is  owing  to  the  circumstance  that  the  balls  do 
not  all  rise  to  the  same  height  above  their  seats  ;  and  consequently, 
as  the  force  of  the  current  acts  upon  each  individually,  on  the 
cessation  of  motion  they  shut  in  accordance  with  the  height  they 
have  to  fall,  and  a  communication  exists  between  the  water  on  the 
upper  and  under  side  of  the  valve,  until  the  absolute  closintT  of  the 
last  ball.  The  result  is,  that  although  the  ditJeience  in  time  between 
the  falling  of  the  various  balls  must  be  exceedingly  minute,  it  is 
such  as  practically  to  prevent  all  concussion. 

Lastly,  the  valves  constructed  on  this  plan  are  very  readily 
repaired.  It  is  only  necessary  to  keep  a  few  spare  balls  ready  to  be 
inserted  in  the  place  of  any  that  may  be  occasionally  damaged  ; 
and  the  old  ones,  on  being  warmed  and  recast  in  a  mould  kept  for 
that  purpose,  are  again  as  good  as  new. 

Where  it  is  proposed  to  work  with  a  high  pressure  of  steam,  cut 
olTso  as  to  allow  of  a  considerable  expansion,  the  writer's  experience 
has  led  him  to  prefer  the  beam  to  the  direct-action  engine.     He  has 
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observed  that  as  a  rule  direct-action  engiiies  working  under  a  liigli 
initial  pressure  are  apt  to  start  off  at  a  speed  wliich  jars  and  strains 
the  whole  of  the  machinery  throughout.  The  speed  attained  by  the 
piston  as  driven  indoors  at  the  beginning  of  the  stroke  is  many 
times  greater  than  the  average  velocity  per  minute,  and  consequently, 
unless  all  the  parts  are  made  extra  strong  in  proportion,  the  bearings 
wear  out  with  great  rapidity,  and  the  machinery  is  soon  loose  at 
every  joint.  In  a  beam  engine,  on  the  other  hand,  a  veiy  large  pro- 
portion of  the  initial  force  is  absorbed  in  overcoming  the  inertia  of 
the  heavy  beam,  which  thus  becomes  a  reservoir  of  surplus  force 
in  the  earlier  portion  of  the  stroke  to  be  given  out  during  the  later, 
and  the  result  is  that  a  comparatively  steady  velocity  is  maintained 
throughout  the  stroke,  much  to  the  advantage  of  the  whole  of  the 
machinery;  indeed  it  is  only  with  this  adjunct  that  expansion  can 
be  carried  safely  to  a  very  high  degree.  The  beam  in  fact  is  a 
reciprocating  fly  wheel,  and  is  attended  with  precisely  the  same 
action  and  the  same  beneficial  results.  The  writer  is  acquainted 
"with  a  case  of  two  large  expansive  engines  of  nearly  th%  same  size, 
working  near  together,  of  which  one  has  an  open  net-work  beam  of 
about  30  tons,  and  the  other  a  heavy  strong  beam  of  45  tons  weight. 
The  difference  in  the  working  of  the  two  engines  is  very  perceptible, 
and  nearly  5,000,000  lbs.  duty  in  favour  of  the  heavy  beam,  in  the 
steadiness  and  smoothness  of  the  motion.  In  many  cases  where  a 
jar  is  perceived  in  pumping  engines  working  with  a  high  expansion, 
it  may  be  cured  by  increasing  the  weight  or  inertia  of  the  beam. 

For  pumping  a  large  quantity  of  water  through  an  unusually 
great  length  of  main  pipe  under  a  heavy  pressure,  the  writer's 
experience  has  led  him  to  prefer  a  description  of  engine  consisting 
of  a  pair  of  high  pressure  expansive  double-acting  beam  engines, 
coupled  together  at  right  angles  to  one  large  fly  wheel.  The  pumps 
should  be  of  the  combined  plunger  and  bucket  description,  with 
Hosking's  valves.  There  should  be  an  air  vessel  and  back  flap 
valve  to.  each  pump,  with  a  blow-off  valve  loaded  to  a  certain  weight, 
so  that  in  the  case  of  any  recoil  in  so  great  a  length  of  main,  the 
pumps  would  not  be  burst.  Along  the  main  pipe,  at  each  50  feet  of 
elevation  above  the  pumps,  the  insertion  of  a  back  flap  valve  is 
required,  so  that  in  case  of  any  pipe  bursting  the  whole  main  should 
not  be  run  dry.  The  leading  point  to  be  kept  always  in  view  in  the 
design  and  construction  of  engines  under  these  circumstances  is  the 
maintenance  of  a  constantly  unifoz^ra  flow  of  water  through  the 
main  pipe  from  the  pumps.     This  is  provided  for  by  the  compound 
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doublo-aoting  pumps  nnd  the  larp^o  air  vomcI  accommodation, 
toi^'flluT  witli  the  coupling  ttf  tli^x  CMij^'iiics  at  ri'j-lit  juij/lcs.  TliO 
boilers  should  be  siiuilur  to  thoso  of  tlie  Cioldihurn  lliU  engine. 

Many  engineers  prefer  a  double  cylinder  en^ne  for  condactiug 
expansivr  '  >U8:  but.  although  in  some  circumstances  this  may 

be   advai  .   as    for  driving  m.-lchinery   where   uniformity   of 

power  throughout  the  stroke  is  a  desideratum,  yet  for  large  pumping 
engines  the  writer  prefers  single  cylinder  double-action  engines.  The 
arrangements  with  a  double  cylinder  are  much  more  complicated, 
and  he  finds  that  all  useful  degrees  of  expansion  can  be  carried  out 
sufficiently  with  a  single  cylinder. 

A  very  cheap  and  cflectivo  description  of  temporary  pumping 
engine  for  rough  colliery  purposes,  where  saving  in  first  cost  is  a 
more  important  object  than  great  economy  of  fuel,  came  some  time 
since  under  the  writer's  observation  at  a  colliery  near  Nailsea.  The 
engine  was  constructed  by  Mr.  Hughes,  of  the  Uskside  Foundry, 
Newport,  and  consists  simply  of  a  large  open  topped  cylinder  placed 
vertically  on  two  cross  beams  over  the  pit  shaft.  The  working 
apparatus  consists  merely  of  a  steam  valve  for  admitting  the  steam 
under  the  piston,  and  an  eduction  valve  for  letting  it  out,  with  a 
steam  slide  throttle  valve,  and  eduction  slide  throttle  valve,  for 
regulating  the  rate  for  the  admission  and  exit  of  the  steam.  The 
two  former  valves  are  worked  by  taj>pets  attached  direct  to  the 
piston  rod:  the  two  latter  are  adjusted  by  hand,  so  as  to  regulate 
the  number  of  strokes  per  minute,  the  engine  being  in  fact  its  own 
catai-act.  This  engine  is  remarkable  for  its  simplicity  and  cheapness 
of  construction,  and  has  now  been  at  work  for  some  years.  The 
consumption  of  fuel  with  a  good  description  of  boiler  is  not  more 
tlian  the  average  of  ordinary  colliery  pumping  engines  as  at  present 
constructed.  The  general  arrangement  for  a  plunger  pump  would 
be  as  de.scribed  above;  with  a  lift  pump  it  would  be  necessary  to 
have  a  balance  bob.  Its  security  is  also  very  considerable,  since  if 
the  two  throttle  valves  are  properly  adjusted,  no  great  damage  could 
occur  should  one  of  the  other  valves  stick,  as  the  piston  could  not 
travel  either  up  or  down  faster  than  the  steam  could  pass  through 
the  guarding  throttle  valve.  It  is  also  a  portable  description  of 
engine,  which  is  sometimes  a  recommendation  in  proving  mines. 

For  raising  water  from  mines  in  a  district  such  as  this,  where 
fuel  is  abundant,  a  reduction  in  first  cost  is  a  much  more  important 
question  than  in  districts  where  the  fuel  has  to  be  imported  at  great 
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cost ;  tliat  is,  setting  the  first  outlay  and  interest  for  erecting  a  large 
expansive  engine  with  low  consumption  of  fuel  against  the  smaller 
outlay  with  larger  expenditure  of  fuel,  it  will  generally  be  found 
that,  in  districts  such  as  this,  the  latter  is  the  better  within  certain 
limits  for  the  party  investing  capital  in  opening  mines.  Everybody 
concerned  in  opening  woi'ks  of  this  description  must  be  aware  how 
important  it  is  to  economize  first  outlay,  whex-eas  when  returns 
commence  a  small  extra  annual  cost  is  not  felt.  Under  these 
circumstances,  in  a  district  such  as  this,  the  writer  would  not 
recommend  the  erection  of  expensive  Cornish  engines  for  drainage 
purposes.  Their  first  cost  in  every  respect  is  very  great ;  a  cylinder 
and  all  machinery  to  match  to  do  1000  horse  power  work  is  put 
down  to  perform  really  only  200  or  250  horse  power,  and  all  the 
parts  of  the  ponderous  machine  have  to  be  constructed  of  sufficient 
strength  to  resist  the  heaviest  initial  blow  of  the  steam. 

The  plan  of  plunger  lifts,  carried  out  so  extensively  under  this 
system,  is  not  only  expensive,  but  highly  inconvenient  in  narrow 
pits.  Whereas  much  the  better  and  cheaper  plan  is  a  simple  lift 
pump,  with  the  beam  balanced,  so  that  the  weight  of  the  pump  rods 
shall  just  carry  the  engine  "out  of  doors."  Plungers  are  in  their 
place  for  forcing  vT^ater  above  the  level  of  the  engine,  as  in  the  case 
of  Water  Works,  but  in  the  engine  pit  of  a  mine,  with  a  strong  and 
heavy  rod  having  numerous  guides  and  rollers,  they  are  very 
inconvenient,  and  if  the  engine  is  properly  balanced  they  effect 
no  saving,  as  the  piston  must  not  travel  faster  than  the  rate  at  which 
it  is  safe  to  work  the  bottom  set  of  rods,  which  must  necessarily  be 
attached  to  a  lift  pump. 

In  concluding  these  few  observations  on  pumping  engines, 
especially  in  reference  to  this  district,  the  writer  cannot  but  observe 
with  regret,  that  although  pumping  machinery  is  now  carried  to 
such  perfection,  there  has  been  for  so  many  years  such  a  large  amount 
of  the  mineral  wealth  of  South  Staffordshire  lying  inaccessible, 
from  the  want  of  some  comprehensive  and  efficient  system  of 
co-operation  for  draining  the  mines.  In  former  times,  before  the 
invention  of  the  steam  engine,  when  the  mechanical  difficulties 
appeared  insuperable  for  winning  the  deep  mines,  there  was  evidently 
a  considerable  amount  of  co-operation  in  the  endeavours  of  the 
"old  men"  to  relieve  the  water  from  the  upper  levels  by  means  of 
adits  and  tunnels.  At  the  present  day,  when  mechanical  difficulties 
have  been  so  completely  overcome,  and  the  means  for  obtaining 
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tiulimitod  pnmpinp:  poworare  at  hand,  these  co-operative  rolationships, 
with  some  lew  except i<ui8,  ajipear  altogether  abandoned.  It  ought 
not  to  be  more  impracticable  lor  some  of  the  most  experienced  mine 
agents  to  parcel  ont  the  Soutii  StaiFordshire  coal  district  into 
satisfactory  drainage  areas,  than  it  is  for  the  Fen  Bailiffs  of 
Lincolnshire  to  arrange  their  respective  districts,  and  satisfactorily 
apporti»)n  the  charges  to  be  made  on  the  various  estates.  Although 
a  good  deal  of  floating  attention  has  been  paid  to  this  subject  at 
various  times,  yet  hitherto  no  thoroughly  digested  and  comprehensive 
plan  has  been  devised.  There  is  no  doubt  however  that  the  urgency 
of  the  case  is  daily  becoming  greater,  and  it  will  afford  the  writer 
LToat  satisfaction  should  these  few  observations  in  any  way  conduce 
to  some  practical  effort  being  made  towards  the  accomplishment  of 
so  important  an  object. 


The  Chairman  said  that  the  subject  of  the  paper  was  one  of 
great  importance,  and  much  valuable  information  had  been  given  by 
the  author;  the  numerous  suggestions  thrown  out  were  u-seful,  if 
only  in  directing  attention  to  the  topics  to  which  they  referred,  and 
opened  a  wide  field  for  investigation  and  discussion.  The  proposal 
of  a  plan  for  the  systematic  drainage  of  the  mines  of  that  district 

lemanded  serious  consideration,  with  a  view  to  maturing  the  scheme, 
and  reducing  it  to  a  form  capable  of  being  practically  carried  out. 
Any  information  in  reference  to  such  an  undertaking  would  be 
valuable,  because  the  drainage  of  the  large  coal  districts  was  becoming 
now  of  such  importance  as  to  require  the  most  careful  attention  and 
the  application  of  sound  principles  on  the  part  of  the  engineer. 
Amongst  the  several  points  noticed  in  the  paper,  the  new  form  of 
pump  valve  described  struck  him  as  having  considerable  value;  he 
enquired  what  was  the  size  of  the  small  balls  composing  the  valve, 
and  how  they  were  prevented  from  coming  out  of  their  proper  seats. 
Mr.  Makien  replied  that  the  balls  were  2|  or  3  inches  diameter, 
the  apertures  in  the  seat  being  1  inch  less;  each  ball  was  prevented 
from  coming  ont  of  its  place  by  a  cap  projecting  from  the  seat 
immediately  above,  and  by  this  simple  arrangement,  by  slackening 

he  top  nut,  all  the  rings  and  caps  became  liberated,  and  any  of  the 
l>:ills  could  be  taken  out  and  replaced  witli  great  readiness. 

The  Chairman  observed  that  the  number  of  separate  balls  would 
'Tevent  any  considerable  portion  of  the  valve  from  sticking  fast  in 

un.sequence  of  small  pieces  of  dirt  getting  into  the  valve ;  but  it 
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would  be  important  to  protect  the  valve  with  a  fender  in  order  to 
prevent  it  from  being  choked  by  the  entrance  of  any  body  too  large 
to  pass  through  the  small  openings. 

Mr.  Marten  said  that  the  only  situation  where  he  had  known  the 
valve  used  at  present  was  for  Water  Works,  where  the  water  was  clear 
and  had  been  previously  strained ;  in  addition  to  the  Hull  Water  ' 
Works,  it  had  been  adopted  also  at  the  Chelsea  and  the  Deptford 
Water  Works. 

Mr.  Fenton  said  that  he  had  seen  the  original  form  of  Hosking's 
valve  in  work,  and  it  was  really  a  very  good  and  ingenious  invention; 
Mr.  Hosking,  the  inventor,  was  engaged  in  the  construction  of  the 
High  Level  Bridge  at  Newcastle,  and  the  original  form  of  the  valve 
with  India  rubber  flaps  instead  of  the  balls  had  been  used  extensively 
in  that  neighbourhood,  and  was  employed  for  common  colliery 
pui'poses,  with  any  sort  of  water,  not  clear  water  alone,  and  no 
diificulty  was  experienced  from  choking  with  dirty  water;  in  this 
valve  the  india  rubber  flaps  were  arranged  in  a  pyramid,  in  the  same 
manner  as  the  balls. 

The  Chairman  remarked  that  the  Tettenhall  engines  liad  been 
described  as  cutting  ofi"  the  steam  at  only  2-3rds  of  the  stroke, 
which  arave  rather  a  low  degree  of  expansion,  and  left  considerable 
margin  for  further  economy  in  fuel  by  expanding  to  a  greater  extent. 

Mr.  Marten  said  that  it  was  certainly  a  low  degree  of  expansion, 
but  there  was  no  condensation,  and  the  engines  were  direct-acting ; 
a  higher  degree  of  expansion  had  been  tried  at  first,  but  the  action 
of  the  engine  was  I'endered  too  sudden,  and  the  violent  blow  of  the 
steam  caused  the  motion  to  be  so  remarkably  quick  in  stai'ting  the 
stroke,  that  it  was  not  found  safe,  from  want  of  inertia  sufficient  to 
absorb  the  excess  of  initial  force;  this  could  only  be  supplied  by 
having  a  beam,  balanced  on  its  centre,  and  oifering  no  resistance  to 
motion  except  the  inertia  of  its  weight,  which  acted  as  a  regulator 
to  equalize  the  moving  power  of  the  engine. 

The  Chairman  said  that  he  fully  concurred  in  the  value  of  a 
heavy  balance  beam  as  a  regulator,  and  the  disadvantage  of  the 
irregular  motion  that  was  produced  by  cutting  ofi"  early,  where  not 
counteracted  by  the  inertia  of  a  heavy  mass  to  be  put  in  motion ; 
and  the  observations  in  the  paper  on  the  comparative  effect  of  a 
light  and  heavy  beam  were  veiy  appropriate.  In  the  case  of  the 
Tettenhall  engines,  he  thought  it  would  have  been  preferable  to  have 
a  cylinder  of  larger  size,  and  working  with  a  higher  degree  of 
expansion,  making  the  engine  with  a  balance  beam,  if  direct-acting. 
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aiul  cmployiiifj  the  extra  force  of  llio  stoftm  to  overcome  the  inortift 
nf  tlio  loail  at  tlio  l»o<^iiiiiiiiff  of  tlie  stroke,  relyiiij^  upon  tlio  nioiiieiiturn 
;ifter\varils  to  curry  tlio  onj^ine  to  the  end  of  the  stroke. 

Afr.  Martkn  observed  tlmt  the  superiority  of  tlio  lieavy  beam 
engine  was  well  exemplified  by  the  ca.so  of  the  two  beam  engines 
that  liad  been  mentioned;  they  were  both  Cornish  engines,  but  the 
one  with  tlie  lii?ht  open  beam  had  ajar  in  its  motion,  and  the  engine 
gave  a  perceptible  start  or  jump  on  starling  each  stroke  ;  whilst  the 
lieavy  beam  engine  worked  smoothly  and  without  jar,  and  with 
5,0(H,000  lbs.  more  duty.  In  the  Goldthorn  Hill  engine  there  had 
at  first  been  a  little  jar  at  starting,  but  this  was  entirely  removed  by 
adding  a  balance  weight  of  2  tons  weight  upon  each  end  of  the  beam. 
.  Mr.  Gauland  enquired  what  had  been  the  reason  for  the  Tettenhall 
engines  being  made  non-condensing. 

Mr.  Maktkx  replied  that  these  engines  were  the  first  erected,  and 
the  water  having  to  be  pumped  out  of  sandstone  rock,  it  was  thought 
that  thei'O  might  not  be  much  to  spare  for  condensing ;  fuel  also 
being  cheap,  the  engines  had  been  intended  as  a  simple  and 
economical  arrangement  for  pumping. 

The  Chairman  asked  what  duty  had  been  taken  as  the  standard 
for  comparison  in  the  paper,  and  what  was  the  relative  consumption 
of  the  Tettenhall  engines. 

Mr.  ^Marten  said  that  the  ordinary  standard  of  duty  of  Cornish 
engines  had  been  employed,  which  was  taken  usually  at  about  one 
million  pounds  raised  one  foot  high  per  cwt.  of  coal  for  each  inch  in 
the  diameter  of  the  cylinder  ;  and  accordingly  the  Tettenhall  engines, 
when  considered  as  non-coudeusing,  were  working  at  a  fair  duty, 
having  36  inch  cylinders,  and  giving  27,000,000  lbs.  with  the  common 
slack  of  the  neighbourhood,  equivalent  to  30,000,000  lbs.  with 
Newcastle  or  Welsh  small  coal. 

The  Chairman  enquiretl  whether  the  plan  of  heating  the  feed 
water  by  means  of  the  exhaust  steam,  that  had  been  mentioned,  was 
found  to  be  productive  of  much  practical  advantage. 

Mr.  ilARTEN  replied  that  some  saving  of  fuel  was  etTected,  but 
this  might  no  doubt  be  i-cndered  more  important  in  amount  by 
improved  construction  of  the  heati*ig  apparatus.  After  heating  the 
feed  water  the  waste  steam  had  originally  been  thrown  direct  into 
the  chimney,  but  in  consequence  of  the  stack  h.aving  been  considerably 
injured  by  the  quantity  of  moisture  in  the  foundations,  caused  by 
condensation  of  the  steam  in  the  chimney,  it  was  now  conducted  into 
a  well,  where  it  was  condensed,  and  a  flue  from  the  well  to  the 
chimney  carried  off  the  vapour  rising  from  the  water. 
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The  Chairman  i^emarked  that  the  sand  covering  over  the  boilers 
appeared  a  simple  and  efficient  protection,  aiad  likely  to  answer  Avell ; 
it  was  important  to  avoid  any  I'isk  of  corrosion  of  the  boiler  plates 
whei'e  concealed  from  inspection, 

Mr.  Marten  said  that  the  sand  covering  had  been  found  most 
satisfactory  ;  the  Tettenhall  boilers  had  been  originally  covered  with 
.felt,  bnt  this  pai'tly  rotted  off,  and  was  all  removed,  and  the  sand 
was  then  tried  and  had  been  employed  ever  since.  The  sand  acted 
as  a  dry  sand  bath,  being  invariably  quite  dry  within  2  or  3  inches 
of  the  boiler,  and  so  hot  that  no  steam  that  escaped  could  be 
condensed  within  that  distance  from  the  plates,  and  thus  no  corrosive 
action  could  take  place.  Much  damage  was  often  done  to  boilers  by 
covering  them  with  ashes  or  binckwork  ;  in  case  of  any  steam  blows, 
the  steam  was  condensed  in  contact  with  the  plates,  and  the  plates 
were  eaten  through  by  the  acid  ingredients  of  the  ashes,  which  were 
called  into  action  by  the  condensed  steam  ;  he  had  seen  some  bad 
cases  of  boilers  covered  with  ashes  and  brickwork,  where  the  plates 
had  been  corroded  very  thin  in  a  short  time.  A  practical  illustration 
of  the  value  of  covering  the  boilers  was  afforded  by  a  pair  of  blast 
engines  at  his  own  works,  blowing  four  furnaces.  These  were  now 
supplied  by  four  boilers  covered  with  sand,  and  were  giving  a  blast 
of  4  lbs.  per  square  inch  jDressure,  with  steam  of  20  lbs.  pressure ; 
but  previously,  when  covered  with  a  roof  only,  a  blast  of  only  3  lbs. 
per  square  inch  pressure,  with  steam  of  15  lbs.  pressure,  was 
obtained,  although  five  boilers  were  used. 

Mr.  Fenton  asked  what  sand  was  employed  for  covering  the 
boilers,  and  whether  any  care  was  required  in  its  application. 

Mr.  Marten  answered  that  common  moulding  sand  had  been  used, 
but  the  quality  was  immaterial,  and  any  clean  sand  might  be  used. 
The  sand  was  filled  up  level  all  over  the  boiler  to  a  depth  of  a  few 
inches  above  the  highest  part,  and  it  had  an  important  advantage 
over  other  modes  of  covering,  in  the  facility  which  it  afforded  for 
examining  any  part  of  the  boiler,  as  it  was  merely  necessary  to  shovel 
away  the  sand  from  the  part  to  be  examined,  which  was  as  easily 
covered  up  again.  In  the  case  of  the  Tettenhall  engines,  steam 
blows  had  been  left  unrepaired  for.  two  years,  in  order  to  test  the 
sand  covering  in  a  satisfactoiy  matter ;  they  had  been_  frequently 
examined  during  that  period,  by  shovelling  away  the  sand  in  the 
manner  described,  and  on  arriving  within  a  few  inches  of  the  boiler, 
the  steam  issuing  through  the  sand  was  so  dry,  that  it  had  not  at  all 
the  appeai'ance  of  steam,  but  rather  of  hot  air  blowing  out ;  no  signs 
of  corrosive  action  on  the  plates  had  been  detected  in  any  case. 
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The  Chairman  romarkod  that  tlio  boilors  Imd  been  inciitionod  as 
Itoiiitf  coustriK'totl  without  miy  Ktays,  ami  ho  (luito  agreed  in  the 
principle  t)f  dejteiuling  ou  the  loriu  of  the  boih-r  for  strength,  and 
not  upon  artificial  stays.  The  flues  of  the  boiler  at  Goldthorn  Hill 
liad  l)oen  described  as  of  circular  section,  but  elliptical  at  the  fire 
iihices,  a  plan  which  ho  had  generally  adopted  formerly,  but  he  made 
ihem  now  truly  circular  throughout,  having  found  that  there  was 
no  practical  sujjcriority  in  tho  working  of  the  elliptical  flues,  and 
there  wjis  undoubtedly  no  form  so  correct  aa  the  circle.  It  was  very 
important  to  ascertain  exactly  the  relative  strength  of  these  forms, 
and  he  had  the  pleasure  of  stating  that  a  grant  of  i/3'JO  had  been 
promised  by  the  Royal  Society  for  experiments,  in  wbich_  he  was 
:ilx)ut  to  be  engaged,  to  ascertain  the  strength  of  flues  of  various 
>ections.  He  hoped  the  enquiry  would  bo  extended  to  an  experimental 
investigation  of  the  laws  relating  to  tho  pressure  and  density  of  high 
pressure  steam,  as  he  felt  convinced  that  the  time  was  not  far 
ilistant  when  the  pressure  employed  for  the  ordinary  working  of 
steam  engines  would  have  to  be  increased  to  three  or  four  times  the 
present  working  pressure. 

Mr.  Fknton  observed  that  the  experiments  contemplated  would 
be  of  great  practical  value  ;  it  was  well  known  that  a  flue  sometimes 
collapsed  under  a  pressure  per  square  inch  much  lower  than  that 
required  to  burst  it ;  but  by  diminishing  the  size  of  the  flue,  it  might 
be  ma  le  capable  of  resisting  a  very  great  external  pressure,  as  in  the 
case  of  the  tubes  of  locomotives,  and  it  was  very  important  that 
extensive  experiments  should  bo  made  in  connection  with  this 
subject,  in  order  to  ascertain  the  law  of  strength  and  the  correct 
form  in  all  cases ;  as  there  must  certainly  be  a  definite  relation 
between  the  crushing  strength  of  a  tube  of  two  inches  diameter  and 
a  flue  of  two  feet, 

Mr.  H.  Wright  hoped  the  experiments  would  apply  also  to  the 
strength  of  the  flat  ends  of  boilers,  and  the  best  means  of  supporting 
them. 

The  Chairmax  said  that  further  information  upon  the  strength  of 
flues  was  much  wanted  in  practice,  as  it  was  evidently  of  no  use  to 
have  a  flue  which  was  in  danger  of  collapsing  under  steam  of  40  lbs. 
]icr  square  inch  pressure  ;  and  yet  accidents  had  occurred  from 
collapsing,  where  that  pressure  was  probably  not  exceeded.  Ho  was 
not  aware  that  any  experiments  had  been  yet  made  to  determine  the 
law  of  resistance  of  the  cylinder  to  external  pressure,  but  as  soon  as 
these  were  made,  formula3  for  calculating  the  strength  of  flues  under 
diflerent  circumstances  would  be  readily  deduced. 
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The  paper  that  had  been  read  gave  much  valuable  information  on 
the  pi-inciples  and  working  of  pumping  engines,  and  would  without 
doubt  be  found  practically  nseful  by  many  of  the  members.  He 
proposed  a  vote  of  thanks  to  Mr.  Marten  for  his  paper,  which  was 
passed. 


The  following  Paper,  by  Mr.  John  Penn,  of  London,  was  then 
read : — 

ON  WOOD  BEARINGS  FOR  SCREW  PROPELLER  SHAFTS. 

In  the  bearings  of  the  shafts  of  Screw  Propellers  a  considerable 
difficulty  has  been  experienced,  when  the  screw  has  not  been  kept 
in  regular  work,  but  has  been  required  to  stand  still  for  several 
hours  or  even  days  together,  as  is  more  particularly  the  case  with 
war  steamers.  In  such  cases  it  has  been  found  requisite,  in  timber 
vessels  having  copper  sheathing,  to  protect  the  wrought  iron  screw 
shaft  by  a  brass  casing,  wherever  exposed  to  the  action  of  the  sea 
water  ;  since  otherwise  the  galvanic  action  excited  by  the  copper 
causes  a  serious  and  rapid  corrosion  of  the  iron  shaft,  and  its 
bearings  soon  become  injured.  A  similar  action  takes  place  also  in 
iron  vessels,  but  not  to  the  same  extent.  The  shaft  is  consequently 
cased  throughout  with  a  brass  tube  A,  as  shown  in  the  longitudinal 
section.  Fig.  1,  Plate  46,  and  the  transverse  section,  Fig.  2 ;  the 
tube  A  fits  close  to  the  shaft  B  at  the  journals,  and  is  loose  from  it 
between  them.  But  the  friction  and  wear  at  the  bearings  is  in  this 
construction  very  great,  as  the  brass  casing  of  the  joui^nals  has  to 
turn  in  brass  bushes  ;  and  the  result  is  a  very  rapid  wear,  and  a 
great  difficulty  in  keeping  the  bearings  long  at  work.  Moreover 
the  screw  propeller  itself  is  a  heavy  mass,  weighing  in  some  cases 
from  10  to  12  tons,  coupled  at  the  end  of  the  shaft  by  a  cross  T 
head  C,  Fig.  1,  for  the  pui'pose  of  easily  unshipjiing  and  raising  it 
out  of  the  'water  by  means  of  the  lifting  bearings  D  D,  when  it  is  not 
required  for  steaming.  The  wear  of  the  brass  bush  is  very  unceriain 
and  various,  and  has  been  found  to  amount  to  as  much  as  an  inch  in 
thickness  in  the  course  of  a  few  months. 


WOOD    DKAKINGS.  25 

The  author  of  this  paper,  having  had  bis  uttontiou  forcibly  called 
to  tho  subject  by  these  ciroumstaiiecs,  uniili;  a  series  of  experiiueuta 
on  ditTerent  luutoriiiU  an  bcariug  surfaces,  aud  tho  final  rchult  has 
been  tho  adoption  of  wood  bearings  for  the  screw  shaftw,  and  these 
have  now  come  into  general  use  for  this  particular  application  with 
complete  success. 

The  method  in  which  tho  wood  is  employed  is  shown  in  Figs.  2 
and  3  :  the  ordinary  brass  bush  E  has  longitudinal  dovetailed  grooves 
formed  on  its  face,  which  are  filled  with  strips  of  hard  wood  F  P ; 
liguum  vita>  has  been  genemlly  used.  The  strips  of  wood  are  abont 
'2i  inches  wide,  with  a  space  of  about  ^  inch  between  each,  and 
stand  out  j  inch  from  the  sarfaco  of  the  brass ;  water  is  kept 
con.stantly  flowing  between  the  strips  along  the  shaft,  and  forms  the 
only  mode  of  lubrication,  and  this  is  found  to  prevent  all  tendency 
to  heating  or  wearing  of  the  journals. 

Besides  a  large  number  of  merchant  vessels,  upwards  of  200  of 
the  la.st  new  ships  constructed  for  H.  M.  service  have  been  fitted 
^vith  wood  bearings,  and  all  former  vessels  are  being  altered  to  the 
same  plan  as  fast  as  opportunities  will  permit.  As  far  as  present 
experience  has  gone,  neither  the  wood  nor  the  journals  appear  to 
suffer  any  appreciable  amount  of  wear  or  deterioration  after  many 
months'  continued  exposure  to  the  action  of  the  water. 

The  "  Himalaya,"  of  3500  tons  and  700  horse  power,  furnishes 

perhaps  the  best  practical  proof  that  can  be  adduced  of  the  durability 

of  the  wood  bearings.     This  ship  was  fitted  in  the  first  instance  with 

the  usual  metallic  bearings,  but  the  wear  was  of  so  serious  a  nature 

as  to  induce  the  proprietors  of  the  vessel  to  adopt  the  improved  plan 

almost  immediately  after  the  author's  discovery  of  its  utility.     The 

"  Himalaya"  being  shortly  afterwards  purchased  by  the  government, 

vas  employed  as  a  transport,  and  during  the  first  10  months  of  her 

'•rvice  she  steamed  20,000  miles  without  exhibiting  the  slightest 

-igns  of  wear  in  those  parts  which  had  previously  given  so  much 

rouble.     The  screw  of  the  "  Himalaya  "  weighs  upwards  of  11  tons, 

and  is  not  fitted  with  the  means  of  raising  it  out  of  the  water ;  and 

'"•onsequently,  having  no  after  bearing,  the  wliole  weight  in  atldition 

>  tho  pr(>jectin<;  portion  of  the  shaft  is  carried  by  the  stern   bu-sh 
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H.  M.  steam  sloop  "  Malacca,"  of  200  horse  power,  also  furnlslies 
good  evidence  of  the  advantages  of  wood  over  brass  and  other- 
metallic  bearings.  This  vessel  gave  similar  trouble  to  the  "Himalaya," 
as  long  as  it  was  fitted  with  brass  bearings  ;  but  when  last  examined, 
since  the  application  of  the  wood  bearings,  it  had  run  over  a  still 
greater  distance  than  any  that  it  had  accomplished  previous  to  the 
use  of  them,  without  exhibiting  the  least  signs  of  decay  or  want  of 
adjustment  in  any  of  the  bearings.  The  bearings  had  been  fitted 
with  lignum  vitge  as  a  leading  experiment  for  ships  in  the  service  of 
the  Crown. 

The  ordinary  brass  bearings  of  screw  shafts  are  made  very 
long  in  proportion  to  their  diameter,  so  that  the  pressure  on  them  is 
only  about  60  lbs.  per  square  inch  when  the  journals  are  in  contact 
throughout;  but  this  pressure  is  considerably  increased  in  practice, 
owing  to  the  bearings  being  sometimes  thrown  out  of  line  by  the 
straining  of  the  vessel. 

In  the  wood  bearings,  the  surface  is  reduced  more  than  one 
fourth  by  the  spaces  left  between  the  strips  of  wood  ;  but  it  appears 
from  the  results  of  working  that  1-lOth  of  the  area  of  bearing  surface 
is  sufficient  with  wood  as  compared  with  brass.  The  wood  bearings  are 
found  to  stand  a  woi'king  pressure  as  great  as  2,000  lbs.  per  square 
inch  ;  and  in  some  experiments  made  to  ascertain  the  point  at  which 
abrasion  would  commence,  a  pressure  of  8,000  lbs.  per  square  inch 
was  sustained  without  producing  abrasion ;  whereas  brass  on  an 
iron  bearing  at  a  pressure  of  200  lbs.  per  square  inch  was  found  to 
cut  directly,  whether  lubricated  with  oil  or  water,  and  failed  quickly 
by  the  rapid  cutting  or  abrasion. 

The  experiments  which  led  the  author  to  the  adoption  of  the 
wood  bearings  were  made  with  the  apparatus  shown  In  Figs.  4  and 
5,  consisting  of  a  wrought  iron  axle  Gr,  1^  inch  diameter,  running  in 
wooden  bearings  at  each  end  of  a  trough  of  water  H,  2  feet  long. 
The  axle  was  immersed  wholly  in  the  water,  and  driven  by  a 
pulley  J  on  the  outer  end,  at  a  speed  of  700  revolutions  per  minute, 
representing  a  velocity  of  260  feet  per  minute  at  the  circumference 
of  the  axle,  which  corresponds  with  or  rather  exceeds  the  ordinary 
velocity  of  the  journals  of  screw  shafts-     One  half  of  the  length  of 
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the  nxlo  K  was  covered  with  brass,  the  object  of  wliich  was  to  try 
alternately  the  efl'ect  on  brass  and  iron  under  preeinely  the  same 
circumstances.  A  cylindrical  bearing  1^  inches  diameter  and  2 
inches  long  was  turned  on  the  centre  of  each  portion  of  the  axle, 
upon  which  were  placed  the  experimental  bearings  of  which  the 
relative  frictions  were  to  be  ascertained  ;  and  in  order  to  prevent  any 
source  of  error  from  friction  in  the  fixed  bearings  at  the  extremities 
of  tlie  axle,  two  experimental  bearings  L  L  were  used  at  the  same 
time,  placed  close  together  side  by  side,  one  above  and  the  other 
below  the  axle,  and  pressed  against  the  journal  in  opposite  directions 
by  two  weighted  levers  M  M,  having  adjustable  weights  to  regulate 
the  pressure.  By  this  arrangement,  the  axle  was  as  it  were  suspended 
freely  in  the  trough  of  water,  having  no  material  friction  in  the  fixed 
bearings  at  the  extremities. 

The  relative  friction  of  the  different  materials  under  trial  was 
measured  by  the  rise  of  the  temperature  of  the  water  in  the  trough 
in  a  given  time,  caused  by  the  rotation  of  the  axle,  the  quantity  of 
water  being  exactly  two  cubic  feet  in  each  case,  and  at  the  same 
initial  temperature.  In  estimating  the  pressure  to  which  the  bearings 
were  subjected,  1  square  inch  of  bearing  surface  was  used,  and  the 
total  weight  on  each  bearing  gave  the  pressure  in  lbs.  per  square  inch. 

The  particulars  of  the  experiments  are  given  in  the  Table  appended, 
and  the  general  results  obtained  were  as  follows  : — 


Description  of  Bearing. 

Presfiure  per 
square  inch. 

Time  of 
Kunningf. 

Result  of  Experiment. 

Brass  on  Iroii  

IbB. 
448 

675 

4480 

1250 

4480 

4000 

4000 

8000 

30  mins. 
1  hour 

36  hours 

5  mins. 

6  mins. 
5  mins. 
5  mins. 

Little  or  no  cutting. 
Cut  and  abraded. 

Seized    and    stuck    fast 

immediately. 
No  signs  of  wear ;  original 

slight  scratch  not  worn  out 
Not  cut. 

No  injury.  This  specimen  is 
shown  full  size  in  Fig.  6. 

No  injury.  iShown  full  size 
in  Fig.  6. 

No  injury.  Shown  full  size 
in  Fig.  7. 

Brass  on  Iron    

Brass  on  Iron 

Lignum  Vitae  on  Iron... 
Box  on  Brass  

Lignum  Vita?  on  Brass 
Snake-wood  on  Brass... 
Cam-wood  on  Brass   ... 
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In  the  foregoing  experiments,  the  principal  object  was  the 
prevention  of  the  serious  evils  attending  the  ordinary  bearings  of 
screw  shafts  ;  and  the  circumstances  under  which  the  experiments 
were  conducted  were  therefore  arranged  to  correspond  as  nearly  as 
possible  with  those  experienced  in  the  actual  working  of  ordinary 
screw  shafts ;  the  experimental  axle  was  wholly  immersed  in  salt 
water,  and  was  driven  in  all  cases  at  a  speed  equivalent  to  that  of 
screw  shafts  on  the  largest  scale. 

The  result  obtained  from  these  experiments  was  so  definite  and 
satisfactory,  that  arrangements  were  immediately  made  for  the 
application  of  the  wood  bearings  to  the  screw  shafts  of  H.  M,  ships, 
and  these  have  in  every  instance  succeeded  beyond  expectation.  The 
author  proposes  however  to  resume  the  experiments  on  the  first 
opportunity,  in  reference  to  the  application  of  the  wood  bearings  to 
other  purposes  in  machinery,  and  he  will  be  happy  to  communicate 
the  results  to  the  Institution  on  a  future  occasion. 

The  general  results  at  present  appear  to  point  to  the  use  of  a 
plentiful  supply  of  water,  to  carry  ofi"  the  heat  caused  by  the  friction 
of  the  bearings  ;  and  in  the  cases  where  this  can  be  accomplished 
thoroughly,  so  as  to  carry  ofi"  the  heat  as  fast  as  it  is  generated,  a 
brass  journal  revolving  in  hard  wood  bearings  is  practically  perfect, 
showing  no  perceptible  wear  under  a  much  more  severe  pressure 
than  is  usually  met  with  in  machinery.  The  two  rubbing  surfaces 
appear  in  reality  to  run  without  any  lubricating  material  between 
them,  and  the  water  acts  merely  as  a  conductor  to  carry  off  the  heat 
as  rapidly  as  it  is  produced. 

One  other  application  of  the  wood  bearings  may  be  mentioned, 
which  has  been  practically  tried  and  found  very  advantageous.  The 
bearing  which  receives  the  thrust  or  propelling  effect  of  the  screw 
in  the  direction  of  the  vessel's  motion  is  formed  of  a  series  of  collars 
on  the  shaft,  running  in  corresponding  grooves  in  the  brasses,  which 
have  been  found  to  wear  very  seriously,  in  a  similar  manner  to  the 
main  bearings  of  the  screw  shafts.  The  thrust  bearing  of  the 
"  Himalaya,"  which  is  shown  in  Fig.  8,  had  the  brasses  worn  away 
longitudinally  nearly  f  inch  at  each  collar,  and  this  was  repaired  by 
the  engineer  whilst  out  on  the  voyage,  by  putting  in  a  set  of  rings  of 
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lignum  vitse  as  an  experiment,  filling  up  the  worn  space,  as  shown  in 
tlie  upper  half  of  Fig.  8.  The  wood  was  merely  sawn  into  half  rings, 
the  lower  pieces  being  slipped  in  from  above  without  lifting  the  shaft 
from  its  bearing.  This  plan  answered  completely,  and  no  perceptible 
wear  was  found  in  the  wood  rings  after  the  voyage  home,  the  original 
saw  marks  not  even  being  efiaced ;  and  the  bearing  proved  so 
satisfactory,  although  only  temporarily  constructed,  that  the  vessel 
has  gone  to. sea  again  without  any  alteration.  In  this  case  the  wood 
bearing  was  allowed  to  work  most  of  the  time  with  oil  alone  as  a 
lubricating  material. 

Of  the  various  kinds  of  wood  that  have  been  tried  in  the 
experiments,  lignum  vitse  appears  to  be  veiy  satisfactory,  and  nearly 
as  good  as  any,  and  it  has  the  practical  advantage  of  being  less 
expensive,  and  readily  obtainable. 


Mr.  F.  P.  Smith  stated  that,  in  the  unavoidable  absence  of 
Mr.  Penn  from  illness,  he  had  attended  the  meeting  in  his  stead, 
and  would  be  able  to  give  any  further  explanation  that  might  be 
desired  upon  the  subject,  as  the  experiments  upon  the  wood  bearings 
had  been  conducted  under  his  own  superintendence.  He  exhibited 
a  number  of  specimens  of  bearings  that  had  been  experimented 
upon,  consisting  of  different  kinds  of  wood,  and  also  of  ivory,  brass, 
and  white  metal.  ^ 

The  Chairman  observed  that  the  subject  of  the  application  of 
wood  to  the  bearings  of  shafts  was  one  of  great  importance,  as  the 
difficulty  to  be  provided  against  in  the  shafts  of  propellers  revolving 
under  water  was  very  serious,  and  although  the  use  of  wood  for 
this  purpose  was  not  exactly. new,  it  was  still  quite  new  in  this 
particular  application,  and  the  mode  of  carrying  it  out  was  very 
effective  and  useful.  The  experiments  that  had  been  made  appeared 
to  have  been  carried  hardly  far  enough  to  obtain  complete  results, 
and  he  thought  they  should  have  been  continued  beyond  the  limit 
of  8,000  lbs,  per  square  inch,  till  abrasion  of  the  wood  took  place,  so 
as  to  ascertain  the  real  point  of  failure  of  the  different  materials. 
He  hoped  the  subject  would  not  be  allowed  to  rest  with  the  applica- 
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tion  of  wood  to  the  bearing  of  screw  shafts  alono,  but  that  cxpcrimpnta 
would  be  mufle  with  a  view  to  the  use  of  wood  for  other  purposes, 
such  as  perhaps  the  journals  of  locomotives  and  railway  carriages, 
and  other  bearings  in  machinery  exposed  to  much  wear,  and  requiring 
at  present  much  repair. 

Mr.  Smith  said  that  the  experiments  would  have  been  conducted 
further,  as  had  been  suggested,  liad  time  allowed;  but  the  bearings 
of  the  screw  shafts  in  the  war  steamers  that  were  under  consideration 
were  wearing  away  so  fast,  that  Mr.  Peiiu  was  glad  to  be  able  to 
arrive  at  a  pi-actical  conclusion  at  once,  as  to  the  mode  of  stopping 
the  evil  that  had  been  the  special  object  of  the  enquiry,  particularly 
as  the  results  of  the  experiments,  so  far  as  they  had  been  carried 
out,  had  proved  so  much  more  satisfactory  and  definite  than  could 
have  been  anticipated.  The  pieces  of  wood  that  had  been  used  for 
trial  were  apparently  insigniBcant,  and  their  small  size  might  cause 
the  experiments  to  be  looked  upon  as  not  suflBciently  practical;  but 
it  had  been  found  in  the  fir.st  trials  that  a  pressure  of  1000  lbs.  per 
square  inch  on  a  piece  of  wood  of  1  square  inch  area  would  not  wear 
out  the  scratch  of  a  pin,  after  running  24  or  30  hours ;  and  the  only 
available  method  at  the  time  of  increasing  the  pressure  per  square 
inch  had  been  to  reduce  the  size  of  the  pieces  of  wood,  retaining  the 
same  weights  in  the  apparatus  with  which  the  experiments  were 
made.  The  slips  of  wood  of  1  inch  length  had  accordingly  been 
reduced  in  width  to  l-4th  inch,  in  the  expectation  that  a  few  minutes 
would  suffice  to  give  a  definite  result,  but  no  wear  could  even  then 
be  produced ;  the  area  was  then  reduced  to  l-8th  square  inch,  and 
still  no  abrasion  took  place  under  a  pressure  of  1000  lbs.,  or  8u00  lbs. 
per  square  inch ;  the  experiment  was  limited  to  this  pressure  by  the 
slipping  of  the  strap  upon  the  pulley  by  which  the  shaft  was  driven. 
The  little  bit  of  wood  used  in  this  experiment  had  been  left  running 
for  3  hours  at  a  speed  of  260  feet  per  minute,  and  had  been  tried  in 
both  fresh  water  and  salt  water,  the  latter  salter  than  the  sea,  with 
no  difference  in  the  result.  A  brass  bearing  that  had  been  driven  at 
the  same  speed  had  been  cut  immediately  at  a  pressure  of  220  to 
-30  lbs.  per  square  inch,  so  remarkable  was  the  ditfereuce  between 
wood  aud  brass ;  and  Babbitt's  soft  metal,  Kingston's  metal,  and 
other  mixtures,  had  also  been  tried,  but  were  not  capable  of  working 
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under  a  pressure  at  all  approaching  that  admissible  with  the  wood 
bearings.  Several  soft  woods  had  been  tried,  all  of  which  stood  well; 
and  among  them  poplar,  which  was  a  very  soft  wood,  stood  a  heavy 
pressure  with  very  little  wear.  It  was  the  intention  of  Mr.  Penn  at 
the  eai'liest  opportunity  to  try  a  second  series  of  experiments,  in  a 
more  complete  manner,  carrying  them  out  if  possible  to  the  limits  in 
each  case  of  the  material  tested.  The  test  to  which  the  wood  bearings 
had  been  subjected  in  the  "Himalaya"  was  the  severest  to  which  it 
was  possible  that  they  could  be  exposed  in  practice.  In  this  vessel, 
the  screw  was  made  without  any  provision  for  drawing  it  up,  and 
had  accordingly  no  after-bearing  in  the  rudder  post ;  the  weight  of 
the  screw  was  llj  tons,  or  13  tons  with  the  overhanging  portion 
of  the  shaft,  and  the  bearing  being  18  inches  diameter  and  4  feet 
length,  the  pressure  was  about  60  lbs.  per  square  inch.  The  wood 
was  applied  in  20  strips,  each  4  feet  long  and  3  inches  wide,  fitted 
close  together  round  the  inner  circumference  of  the  bush,  the  edges 
being  bevilled  so  as  to  leave  a  groove  nearly  1  inch  wide  between 
each  of  the  strips  of  wood,  for  the  water  to  flow  through.  After 
running  20,000  miles  with  the  wood  bearings,  the  vessel  had  occasion 
to  change  her  screw,  thus  affording  a  good  opportunity  for  examining 
the  condition  of  the  bearings,  and  it  was  found  that  the  total 
clearance  of  the  shaft  in  the  bearing  did  not  amount  to  l-8th  inch 
at  the  top,  including  the  clearance  which  there  must  have  been 
when  originally  fitted.  The  "Malacca"  also  had  run  30,000  miles 
without  any  signs  of  wear  in  the  wood  bearings. 

Mr.  James  Brown  enquired  whether  tlie  wood  bearings  had  been 
applied  to  any  rubbing  surfaces,  such  as  cross  bar  guides,  in  which 
the  wear  was  caused  by  a  reciprocating  motion ;  and  also  whether 
any  trial  had  been  made  of  them  for  main  shaft  bearings. 

Mr.  Smith  replied  that  they  had  not  yet  been  tried  for  a  recipro- 
cating motion,  but  had  been  applied  to  the  bearings  of  a  crank  shaft 
driving  the  machinery  in  Mr.  Penn's  factory ;  in  this  application, 
however,  the  wood  had  not  proved  superior  to  brass,  and  was  attended 
with  some  inconvenience,  as  special  provision  was  required  to  ensure 
a  liberal  supply  of  water  to  the  bearings;  otherwise  the  wood  was 
speedily  charred,  and  became  useless.  It  had  also  been  tried  for  the 
crank  pin  of  the  "Malacca,"  but  was  not  found  better  than  other 
bearings,  such  as  soft  metal ;  in  such  situations  there  was  no  means 
of  maintaining  the  wood  in  a  water  bath  to  keep  down  the  tempera- 
ture, which  appeared  to  be  essential  in  the  use  of  wood  for  bearings. 

The  Chairman  observed  that  the  hard  wood  specimens  that  were 
exhibited  had  got  a  fine  polish  upon  their  rubbing  faces,  and  probably 
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required  to  bo  kept  always  under  water  for  that  purpose.  They 
nppoarccl  to  have  been  dovelailed  into  tlie  brass  bush  in  every  case, 
and  tliis  precaution  would  bo  necessary  in  order  to  prevent  them 
IVoni  spreadintj  laterally  under  great  pressures. 

Mr.  Smh  u  said  that  in  the  wood  bearings  considerable  heat  was 
generated  with  the  very  heavy  pressures  in  the  experiments,  and  the 
wood  became  so  hot,  although  immersed  in  water,  that  it  could  not 
be  touched  with  the  hand,  showing  how  rapidly  the  bearing  would 
liafe  heated,  if  the  heat  had  not  been  continually  carried  off  by  the 
surrounding  water.  Oil  had  been  tried  instead  of  water,  and  gave 
no  difference  in  the  result,  if  used  in  a  largo  quantity  like  the  water, 
but  it  did  not  answer  if  applied  only  in  the  same  quantity  as  to 
ordinary  brass  bearings,  as  there  was  then  not  enough  to  carry  off 
the  heat  as  fast  as  it  was  generated. 

The  Chairman  observed  that  the  complete  immersion  of  the  whole 
bearing  in  water  appeared  to  bo  an  essential  element  in  the  successful 
application  of  wood,  and  he  suggested  that  in  future  experiments  a 
thermometer  should  be  applied  direct  to  the  wood  or  metal  bearing 
under  trial,  in  order  to  ascertain  the  exact  temperature,  as  it  was 
evident  that  this  would  be  somewhat  higher  than  that  of  the 
surrounding  water.  The  same  experiments  might  be  made  very 
.serviceable  to  determine  the  relative  friction  of  the  various  kinds  of 
wood  and  metal  tested.  He  enquired  whether  wood  had  been  tried 
in  different  positions  of  the  fibre,  endways  as  well  as  lengthways  of 
the  grain. 

Mr.  Smitu  replied  that  it  had  been  tried  in  all  three  positions, 
endways,  in  the  direction  of  the  fibre,  and  transversely  to  the  fibre ; 
but  the  experiments  had  not  been  continued  long  enough  to  test  their 
relative  value.  He  was  inclined  to  think  the  end  way  of  the  grain 
was  the  best  mode  of  applying  wood,  and  this  had  been  done  by 
drilling  a  set  of  shallow  holes  in  the  bush,  into  which  wood  plugs 
were  fixed ;  but  this  plan  was  objectionable  in  practice,  as  the  wood 
])lugs  were  liable  to  fiiU  out  when  dry,  and  the  readiest  mode  of 
application  was  flatways,  that  is,  so  that  the  friction  would  be 
transversely  to  the  fibre ;  the  latter  method  had  been  hitherto 
exclusively  adopted  in  the  wood  bearings  of  screw  shafts,  and  the 
Avood  could  be  readily  and  quickly  applied  to  existing  bearings,  by 
planing  out  dovetailed  grooves  in  the  brass  bush.  In  the  experiments, 
the  beating  of  the  brass  and  wood  had  been  measured  by  the  rise  of 
temperature  of  the  water  in  the  trough,  and  the  results  had  been 
very  marked;  with  the  brass  bearing,  under  a  pressure  of  200  lbs. 
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per  square  inch,  tlie  temperature  of  the  two  cubic  feet  of  water  rose 
to  120°  or  130°  in  one  hour,  whilst  with  the  wood  bearing,  under  a 
pressure  of  4000  lbs.  per  square  inch,  the  temperature  never  exceeded 
90°  after  any  length  of  time,  the  heat  beyond  that  limit  being 
dissipated  as  fast  as  generated. 

Mr.  Hawkes  remarked  that  he  had  had  an  opportunity  of  seeing 
the  "  Himalaya,"  immediately  on  her  return  from  her  first  voyage, 
and  on  enquiring  how  the  stern  stuffing  box  of  the  screw  shaft  was 
kept  constantly  tight,  was  told  that  it  was  not  found  necessary  it 
should  be  kept  tight,  and  it  was  even  preferable  to  have  it  loose, 
allowing  the  water  to  flow  through  freely  5  the  vessel  had  indeed 
made  part  of  the  voyage  with  the  stuffing  box  gland  entirely  removed, 
the  w^ater  running  through  in  a  large  stream,  and  being  pumped  out 
by  the  bilge  pump,  and  the  result  had  been  successful  in  keeping 
down  the  temperature  of  the  bearing.  He  enquired  how  much  water 
was  allowed  to  run  through  with  the  wood  bearings,  and  whether 
any  extra  pump  was  generally  required  to  remove  it. 

Mr.  Smith  said  that  the  gland  was  frequently  left  loose  to  allow 
the  water  to  flow  through,  about  as  much  water  running  in  as  woixld 
fill  an  inch  pipe ;  this  water  was  ordinarily  left  to  run  into  the  bilge, 
and  pumped  out  by  the  bilge  pump,  without  the  provision  of  a  special 
pump.  He  might  mention  that  in  one  instance,  where  the  brass 
bearing  was  cutting  severely,  he  had  observed  that  the  water  running 
from  the  stuffing  box  was  impregnated  with  fine  brass  scales,  to 
such  an  extent  that  7  oz.  weight  was  caught  in  a  couple  of  hours. 

The  Chairman  remarked  that  the  paper  contained  much  interest- 
ing and  important  information,  and  he  hoped  Mr.  Penn  would 
continue  the  experiments  under  difierent  circumstances  of  speed  and 
pressure,  and  with  dry  wood  as  well  as  under  water,  and  would 
communicate  the  further  results  to  the  Institution  at  a  future  meeting. 
He  proposed  a  vote  of  thanks  to  Mr.  Penn,  and  also  to  Mr.  Smith, 
which  was  passed. 


The  following  Paper,  by  Mr.  Henry  Woodhouse,  of  Staffi^rd,  was 
then  read : — 
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iJESCRIPTION    OF   AN    IMPROVED    CONSTRUCTION    OF 

CROSSING. 

In  the  crossings  used  in  tlie  permanent  way  of  railways,  an 
important  portion  of  the  expense  of  maintenance  arises  from  tlio  wear 
of  the  wing  rails,  caused  by  the  wheels  wearing  a  groove  or  recess 
on  the  upper  surface  of  each  wing  rail  at  the  part  where  they  first 
strike  it,  when  they  lose  the  support  of  the  main  rail  at  the  point  of 
the  crossing.  The  effect  of  this  wear  is  to  cause  a  drop  of  each 
wheel  in  passing  over  the  crossing,  producing  a  violent  blow,  and 
hading  to  more  rapid  destruction  of  the  wing  rails,  which  require  to 
be  taken  up  and  renewed  when  worn  into  a  groove  at  that  part ;  the 
necessity  for  renewal  occurs  frequently  in  a  short  time,  in  situations 
where  a  heavy  traffic  passes  over. 

The  object  of  the  improved  construction  of  crossing,  described 
in  the  present  paper,  is  to  reduce  the  expense  of  these  repairs,  by 
constructing  the  rails  of  the  crossings  in  such  a  manner,  that  when 
the  wing  rail  is  worn  out  at  the  part  exposed  to  wear,  it  may  be 
reversed,  and  the  worn  part  replaced  by  another  portion  of  the  same 
rail ;  and  also  by  making  the  check  rails  of  the  same  form  and  length 
as  the  wing  rails,  so  that  when  the  latter  are  thoroughly  worn  out 
as  wing  rails,  they  can  be  used  as  check  rails,  what  were  previously 
the  check  rails  being  now  used  as  wing  rails. 

The  construction  of  the  improved  crossing  is  shown  in  the  plan, 
Fig.  1,  Plate  47.  A  A  and  B  B  are  the  rails  forming  part  of  the 
permanent  way,  and  C  C  the  rails  of  the  crossing ;  D  E  are  the  wing 
rails,' and  F  F  the  check  rails.  The  wing  rails  and  check  rails  are  all 
of  the  same  length,  and  are  bent  to  the  same  angle,  and  consequently 
they  are  intei-changeable,  and  the  wing  rails  can  be  used  as  check 
rails,  and  the  check  rails  as  wing  rails. 

When  the  crossing  has  been  some  time  in  use,  supposing,  as  is 
generally  the  case,  that  the  traffic  is  mainly  in  the  direction  of  the 
arrow,  the  wing  rail  E  becomes  injured  by  the  action  of  the  outer 
portion  of  the  wheel  tyres  between  the  points  G  G,  as  shown  by  the 
black  part,  and  in  the  cross  section  Fig.  2  ;  when  it  is  so  much  worn 
at  that  part  as  to  require  replacing,  it  is  taken  up  and  turned  end 


3()  RAILWAY   GKOSSING, 

over  SO  as  to  briug  the  lower  side  uppermost,  the  end  that  was  at  H 
being  brought  to  I,  and  the  part  below  G  G  taking  the  place  before 
occupied  by  the  worn  part.  The  ci'ossing  can  now  be  used  again 
till  the  part  G  G  is  worn  out,  and  then  by  substituting  the  other  wing 
rail  D  for  E,  the  wing  rail  D  can  be  used  twice  in  the  same  manner. 
Each  wing  rail  can  thus  be  used  four  times,  and  when  it  is  unfit  for 
use  as  a  wiug  rail,  it  can  be  put  in  the  place  of  the  check  rail,  and 
the  check  rails  can  then  be  used  four  times  each,  in  the  same  manner 
as  the  wing  rails  previously.  By  this  i^lan,  the  crossing  may  be 
renewed  eight  times  with  the  same  set  of  rails,  before  it  is  entirely 
worn  out.  In  the  ordinai-y  crossing  the  wing  rails  cannot  be  inter- 
changed with  the  check  rails,  and  also,  as  the  two  ends  of  the  wing- 
rails  are  not  similar,  they  cannot  be  turned  end  for  end,  and  can  be 
Avorn  only  in  two  places  each.  An  ordinary  crossing  can  consequently 
be  renewed  only  twice  with  the  same  set  of  rails,  before  it  is  entirely 
worn  out.  The  new  crossing  will  accordingly  last  four  times  as  long- 
as  an  ordinary  crossing.  There  are  now  850  sets  of  the  improved 
crossing  in  use  on  the  London  and  North  Western  and  other 
Railways. 

The  advantages  to  be  derived  from  the  use  of  the  improved 
crossing  are,  simplicity  of  construction,  and  great  saving  in  main- 
tenance, both  as  regards  labour  and  materials  ;  the  new  plan  is  more 
particularly  beneficial  when  the  double  headed  rail  is  used,  but  it 
may  be  adopted  with  advantage  for  any  other  description  of  rail. 


Mr.  WoODHOUSK  exhibited  a  model  of  the  improved  crossing,  half 
size.  He  explained  that  the  rails  serving  as  check  rails  were  worn 
only  on  the  side  of  the  head,  and  not  at  all  on  the  top,  and  consequently 
when  placed  as  wing  rails  they  were  as  good  as  new  rails. 

The  Chairman  thought  that  the  new  crossing  was  a  useful 
improvement  on  the  ordinary  construction,  as  it  reduced  the  expense 
and  frequency  of  repairs.  He  asked  what  actual  saving  was  effected 
in  the  expense  of  the  crossing. 
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Mr.  WoODiiOUSK  aiihwerod  tlmt  tho  new  crossiii;^  would  hiht  four 
tiiiu's  lui  long  lis  tlioso  uii  tho  ordiuury  couht ruction,  and  iLcrelore, 
iiikiuj^  tho  cost  of  u  crossing  tit  £8,  tho  saving  by  tho  now  plan  was 
£24;  per  crossing,  amounting  to  75  per  cent,  saving  on  tho  total 
exj>onso. 

Mr.  Sampson  Lloyd  enquired  whether  tho  new  crossing  was 
ilesigned  for  particular  angles,  or  whether  it  was  applicable  to  any 
aiglo  at  which  the  two  Hues  of  rails  might  cross. 

Mr.  WoODUOUSE  said  it  was  applicable  to  all  angles  of  cro.s.sing, 
from  1  in  -i  to  1  in  12  (the  usual  limits);  tho  only  dillerenco  that  was 
iiuulo  in  tho  rails  was  in  the  angle  to  which  they  were  bent,  which 
varied  according  to  the  angle  of  the  crossing.  The  rails  were  bent 
cold,  and  thus  required  no  trouble  or  expense  in  heating. 

Tho  Cu AIRMAN  proposed  a  vote  of  thanks  to  Mr.  Woodhouse  fur 
his  paper,  which  was  passed. 


The  following  Paper,,  by  Mr.  John  Ramsbottom,  of  Manchester, 
was  then  read  : — 

ON  AN  IMPROVED  SAFETY  VALVE. 

The  growing  tendency  to  use  steam  of  higher  pressure,  and  the 
greater  care  which  this  involves,  have  led  engineers  of  late  years  to 
direct  more  particular  attention  to  the  design  and  construction  of 
steam  boilers,  and  also  to  their  fittings  ;  and  amongst  the  latter  the 
Safety  Valve  has  received  much  consideration.  Although  there  may 
bo  a  difierence  of  opinion  as  to  the  proportion  which  the  working 
pressure  of  a  boiler  should  bear  to  its  absolute  strength,  it  will  doubt- 
less be  admitted,  that  the  greater  the  certainty  of  a  safety  valve 
opening  at  tho  required  pressure,  and  the  greater  its  range  of  lilt  under 
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a  given  excess  of  pressure,  tlie  less  will  be  the  excess  of  strength 
required.  If  a  perfect  safety  valve  could  be  made,  that  is,  one  which 
would  absolutely  prevent  the  boiler  to  which,  it  was  applied  from 
being  subjected  to  a  higher  pressure  than  that  to  which  the  valve 
was  adjusted,  it  would  of  course  be  conducive  in  a  high  degree  both 
to  the  safety  and  durability  of  such  boiler. 

The  writer  believes  that  the  arrangement  of  safety  valve  now 
submitted  to  the  meeting,  shown  in  Plates  48  and  49,  goes  far  to 
realise  these  advantages,  the  only  rubbing  parts  being  those  upon 
the  valves  themselves  in  their  seatings  ;  and  the  small  amount  of 
friction  thus  occasioned  may  be  entirely  avoided  by  the  substitution 
of  spherical  valves,  if  thought  desirable.  In  addition  to  this,  the 
range  of  lift  for  blowing  off,  owing  to  the  non-intervention  of  levers 
between  the  valve  and  the  spring  by  which  it  is  loaded,  and  also  to 
the  dimensions  of  the  spring  itself,  is  about  three  times  as  great, 
under  the  same  excess  of  steam  pressure,  as  in  the  ordinary  arrange- 
ment with  lever  and  spring  balance. 

Fig.  1,  Plate  48,  is  a  vertical  section.  Fig.  2  a  plan,  and  Fig.  3  a 
tranverse  section  of  the  valve.  A  A  are  two  brass  pillars,  bolted 
upon  the  manhole  cover  B,  and  bored  out  at  the  upper  ends  to  serve 
as  seatings  for  the  conical  valves  0  C  in  the  ordinary  manner.  The 
valves  are  loaded  by  the  cross  bar  D,  which  is  elongated  at  the  end  E, 
to  form  a  handle,  to  enable  the  engineman  to  ascertain  the  working 
condition  of  the  valves  and  the  approximate  pressure  of  the  steam. 
To  this  bar  is  attached,  at  a  point  mid-way  between  the  valves 
(when  these  are  of  equal  size),  and  rather  lower  than  the  points 
which  press  upon  them,  the  main  spring  F,  which  the  writer 
prefers  of  the  helical  form,  as  shown.  The  spring  is  made  of 
sufficient  strength  to  resist  the  pressure  upon  both  valves,  and  the 
pressure  is  regulated  by  the  nuts  G  and  the  bridle  H,  the  latter 
beino-  made  of  such  a  length  that  the  shoulder  upon  it  shall  be 
screwed  home  when  the  maximum  load  is  put  upon  the  valve.  To 
provide  against  the  valves  being  blown  away  in  the  event  of  the 
spriuCT  breaking,  the  lower  part  of  the  cross  bar  D  is  passed  through 
a  slot  in  the  guard  I,  which  in  this  arrangement  is  pivoted  into  the 
tops  of  the  main  pillars,  and  the  shoulder  upon  the  bridle  H,  Fig.  6, 
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being  unablo  to  pass  throurjh  the  slot,  prevents  the  valves  being 
blown  away.  To  compensate  fur  the  very  slight  diflereiice  that  may 
arise  in  some  eases  (in  the  valves  of  large  steam  boats  for  instance), 
between  the  distance  of  the  centres  of  the  valves  and  the  distance  of 
the  points  of  the  cross  bar,  owing  to  the  greater  expansion  of  the 
former,  the  writer  proposes  to  make  one  of  the  points  K  upon  the 
cross  bar  loose  ;  this  is  not  necessary  however,  where  the  dimensions 
are  small. 

A  similar  arrangement  may  be  adopted  with  the  spring  sunk  in 
a  well  or  recess  L  in  the  manhole  cover,  as  shown  in  Figs.  4  and  o, 
so  as  to  be  more  out  of  the  way  ;  and  the  chance  of  failure  may  be 
provided  against  by  a  cover  plate  corresponding  to  the  gnard  I  in 
Fig.  1.  It  is  evident  that  under  any  form  the  valves  constructed 
upon  this  principle  cannot  be  easily  tampered  with ;  and  a  brass 
funnel  may  be  placed  over  them  iu  the  ordinary  manner. 

The  valves  being  equally  loaded  and  of  equal  size  will  be  bodily 
and  simultaneously  lifted  together  with  the  cross  bar  D  when  the 
steam  pressure  exceeds  the  proper  limit,  and  the  spring  will  be 
elongated  through  a  range  equal  to  the  lift  of  the  valves,  and  no 
more  ;  so  that,  except  when  the  engineman  is  testing  the  action  of 
the  valves,  there  is  no  movement  iu  the  joints  of  the  apparatus,  and 
therefore  no  friction: 

A  spring  of  f  inch  round  steel,  and  about  7  coils,  is  sufficiently 
strong  to  load  two  3  inch  valves  to  80  lbs.  pressure  per  square  inch; 
and  in  order  to  load  them  to  this  extent,  it  will  have  to  be  stretched 
about  If  inch,  or  '218  inch  for  each  successive  increase  of  10  lbs. 
pressure  per  square  inch. 

Figs.  6  to  9,  Plate  49,  show  a  pillar  arrangement,  consisting  of 
one  entire  casting  B,  which  answers  the  part  of  a  manhole  cover.  The 
steam  passes  up  to  the  valves  through  the  annular  space  between  the 
well  L  and  the  outer  casing.  The  spring  F  is  lengthened  to  compensate 
for  its  reduced  diameter,  and  is  adjusted  at  the  top  in  the  same 
manner  as  in  the  plans  previously  described.  This  arrangement  may 
be  modified  to  suit  the  tops  of  square  high  fireboxes,  by  allowing  the 
well  L  to  project  downwards  into  the  boiler,  iu  the  same  manner  as 
shown  in  Fisr.  4. 
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Figs.  10  and  11  show  the  application  of  the  volute  spring,  which 
is  placed  in  a  shallow  well  L  in  the  manhole  cover  and  adjusted  by 
the  four  nuts  G  G,  which  force  down  the  small  cover  plate  I,  and  so 
compress  the  spi'ing  until  the  requisite  pressure  is  obtained;  packings 
are  then  fitted  between  the  cover  plate  and  the  manhole  lid,  to 
prevent  any  extra  pressui^e  being  applied. 

The  spring  may  also  be  placed  above  the  cross  bar  D,  but  the 
writer  prefers  to  have  it  below,  wherever  practicable. 


Mr.  Ramsbottom  exhibited  a  model,  half-size^  of  a  pair  of  safety 
valves  with  the  spring  between  them,  similar  to  those  that  he  had  at 
work,  on  the  plan  shown  in  Fig.  1. 

The  Chairman  asked  whether  many  of  the  new  valves  were  at 
work,  and  with  what  results. 

Mr.  Ramsbottom  answered  that  he  had  several  of  them  at  work, 
and  they  had  proved  quite  satisfactory ;  they  were  found  to  be  very 
sensitive,  having  such  freedom  of  action  as  to  get  into  a  state  of 
vibration  producing  in  some  cases  a  musical  note  when  at  the  point 
of  blowing  off;  and  they  allowed  the  steam  to  blow  ofiF  more  freely 
than  other  safety  valves,  under  a  given  excess  of  pressure.  The 
arrangement  of  the  two  valves  under  one  lever  was  the  same  as  in 
Mr.  Fenton's  Safety  Valve,  but  the  object  had  been  to  increase  the 
lift  of  the  valves,  making  it  equal  to  the  full  extension  of  the  spring, 
and  also  to  dispense  with  the  spring  balances.  The  point  of  attach- 
ment of  the  spring  was  rather  below  the  level  of  the  two  points 
bearing  on  the  valves,  so  that  in  the  event  of  one  valve  lifting  Before 
the  other  it  was  overloaded,  the  other  being  proportionately  relieved; 
this  tended  to  secure  their  simultaneous  action. 

Mr.  H.  Wright  enquired  whether  any  graduated  scale  was 
attached  to  the  spring  to  indicate  the  pressure,  as  the  ordinary 
spring  balance  was  on  this  plan  dispensed  with. 

Mr.  Ramsbottom  replied  that  there  had  not  been  any  scale 
attached ;    the   spring  was   adjusted   originally  to   the   maximum 
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pressure  intended,  by  measuring  the  amount  of  elongation  under  a 
given  load,  and  in  thin  way  it  was  found  it  could  be  regulated  by 
the  adjusting  screw  to  within  2  or  3  per  cent,  of  the  desired  pressure. 
The  valves  were  tested  previous  to  being  used,  by  comparing  them 
with  a  pressure  gange  attached  to  the  same  boiler. 

Mr.  Fenton  observed  that  he  had  seen  the  new  valve  at  work, 
and  it  appeared  very  satisfactory ;  the  increased  range  of  lift  of  the 
valves  gave  great  freedom  for  the  discharge  of  the  steam,  and 
prevented  the  pressure  from  rising. 

The  CuAiKMAN  proposed  a  vote  of  thanks  to  Mr.  Ramsbottom  for 
his  paper,  which  was  passed. 


The  Chairman,  in  vacating  the  chair,  said  he  could  not  relinquish 
his  office  of  President  without  expressing  the  great  satisfaction  he  felt 
at  the  progress  the  Institution  had  made,  and  the  gratification  that 
he  had  in  looking  back  upon  the  number  of  valuable  and  interesting 
communications  that  had  been  laid  before  the  several  meetino-s  at 
which  he  had  presided  during  the  last  two  years ;  and  he  trusted 
that  the  same  cordial  support  which  he  had  invariably  received  from 
the  Members  would  be  extended  to  his  successor,  and  that  equally 
important  and  useful  papers  would  be  forthcoming  at  the  meetings 
of  the  present  year. 

The  Meeting  then  terminated,  and  after  the  meeting,  Mr.  H. 
Woodhouse,  of  Stafford,  exhibited  a  model,  half-size,  of  an  improved 
Switch. 

In  the  evening,  a  number  of  the  Members  and  their  friends  dined 
together,  according  to  the  annual  custom,  in  celebration  of  the 
Ninth  Anniversary  of  the  Institution, 
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8UBJECTS  FOR  PAPERS. 


Stkam  Engine  Boilers,  partioularBof  coustruction — form  of  heating  Hurface— 
rt'lntivo  valiio  of  radiant  surface  in  effect  and  econoiiiy^-cost — consump- 
tioii  of  fuel— evaporatioti  of  water — pressure  of  Hleam— density  and  heat 
of  steam — superlieated  steam — steam  gauf^es,  high  pressure  and  low  pres- 
sure— explosion  of  boilers,  and  means  of  prevention — effects  of  heat  on  the 
metal  of  boilers,  low  pressure  and  high  pressure — incrustation  of  boilers, 
and  means  of  prevention — evaporative  power  and  economy  of  different 
kinds  of  fuel,  coal,  wood,  charcoal,  pent,  pateut  coal,  and  coke— moveable 
grates,  and  smoke-consuming  apparatus,  facts  to  show  the  best  plan,  and 
results  of  working. 

Steam  Engines,  expansive  force  of  steam,  and  best  means  of  using  it — power 
obtained  by  various  plans — comparison  of  double  and  single  cylinder 
engines — combined  engines— comparative  advantages  of  direct-acting  and 
beam  engines — engines  for  manufacturing  purposes — horizontal  and  vertical 
—condensing  and  non-condensing — governors — valves,  bearings,  kc. — 
indicator  figures  from  engines,  with  details  of  useful  effects,  consumption  of 
fuel,  &c. — contributions  of  indicator  figures  for  reference  in  the  Institution. 

Pumping  Engines,  particulars  of  various  constructions — size  of  cylinder  and 
degree  of  expansion — strokes  per  minute,  and  horse  power — Dumber  and 
size  of  pumps,  and  strokes  per  minute — comparison  of  double-acting  and 
single-acting  pumping  engines — construction  of  pumps — plunger  pumps — 
bucket  pumps — particular  details  of  different  valves — application  of 
pumps — fen-draining  engines — comparative  advantages  of  scoop  wheels 
and  centrifugal  pumps,  lifting  trough,  kc. 

Blast  Engines,  best  kind  of  engine— size  of  cylinder,  strokes  per  minute,  and 
horse-power — details  of  boilers— size  of  blowing  cylinder,  and  strokes  per 
minute — pressure,  and  means  of  regulating  the  blast — improvements  in 
blast  cylinders — rotary  blowing  machines — indicator  diagrams  from  air 
main  and  steam  cylinder. 

Mabinb  Engines,  power  of  engines  in  proportion  to  tonnage — different 
constructions  of  engines— dynamical  effect  compared  with  in«licator 
figures — comparative  economy  and  durability  of  different  boilers,  tubular 
boilers,  flat  fiue  boilers,  &c.— weight  of  n)achinery  and  boilers— kind  of 
paddle  wheels — speed  obtained  in  British  war  steamers,  in  British  merchant 
steamers,  and  in  Foreign  ditto,  with  particulars  of  the  construction  of 
engines  with  paddle  wheels,  kc. — screw  propillers,  particulars  of  different 
kinds,   improvemeoUi  in   form  and  position,   number  of  arms,   material. 
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means  for    unshipping,    bearings,  horse-power  applied,   speed   obtained, 
section  of    vessel — iron   and   wood  ships,   details  of  construction,  lines, 
tonnage,  cost,  &c. 
Rotary  Engines,  particulars  of    construction  and    practical    application — 

details  of  results  of  working. 
Locomotive  Engines,  express,  passenger,  and  luggage  engines — particulars 
of  construction,  details  of  experiments,  and  results  of  working — speed  of 
engines,  cost,  power,  weight,  steadiness — con  sumption  of  fuel — use  of  coal — 
consumption  of  smoke — heating  surface,  length  and  diameter  of  tubes — 
experiments  on  size  of  tubes  and  blast  pipe — comparative  expense  of 
working  and  repairing — best  make  of  pistons,  valve  gear,  expansion 
gear,  &c. 
Agricultural  Engines,  details  of  construction  and  results  of  working — duty 

obtained — application  of  machinery  to  agricultural  purposes. 
Caloric  Engines,  and  Engines  worked  by  Gas,  Gun-cotton,  or  other  explosive 

compounds — comparative  consumption  per  horse-power  per  hour. 
Electro-Magnetic  Engines,  particulars  and  results. 

Water-Wheels,  particulars  of  construction  and  dimensions— form  and  depth 
of  buckets — head  of    water,   velocitj'^,   per-centage  of  power  obtained — 
turbines,  construction  and  practical  application,  power  obtained,  comparative 
efEect  and  economy. 
Wind  Mills,  particulars  of  construction — number  of  sails,  surface  and  form  of 
sails — velocity,  and  power  obtained — average  number  of  days'  work  per 
annum. 
Corn  Mills,  particulars  of  improvements — power  employed — application  of 
steam  power — results  of  working  with  an  air  blast  and  small   stones — 
advantages  of  regularity  of  motion. 
Sugar  Mills,  particulars  of  construction  and  working — results  of  the  applica- 
tion of  the  hydraulic  press  in  place  of  rolls. 
Saw  Mills,  particulars  of  construction — mode  of  driving — power  employed — 
particulars  of  work  done — best  speeds  for  vertical  and  circular  saws — form 
of  saw  teeth — saw  mills  for  cutting  ship  timbers — veneer  saws. 
Oil  Mills,  facts  relating  to  the  construction  and  working,  by  stampers  and  by 

pressure. 
Cotton  Mills,  information  respecting  the  construction  and  arrangement  of  the 
machinery — -power  employed,   and  application  of  power — cotton  presses, 
mode  of  construction  and  working,  power  employed — improvements  in 
spinning  and  carding  machinery,  &c. 
Machinery  for  manufacturing  Flax,  both  in  the  natural  length  of  staple  and 

when  cut. 
Rolling   Mills,  improvements  in  machinery  for  making  iron  and  steel — 
mode  of  applying  power — steam   hammers — piling  of  iron — plates— fancy 
sections — arrangement  of  rolls. 


ditto 

ditto 

ditto 

ditto 

ditto 

ditto 

ditto 

ditto 

KANES, 

ditto 

ditto 

ditto 
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Stamping  and  Coining  Machinery,  particulars  of  improvements,  tic. 
Papeu-Makino  an'd  Taphu-Cutting   Machines,       ditto       ditto 
I'uiNTiNo  Machinks,  ditto       ditto 

Calico-Printing  Machinery,  ditto       ditto 

Water  Pi'MPS,  facts  relatiug  to  the  best  construction,  means  of  working,  and 

application — best  forms — velocity  of  piston — construction  of  valvea. 
Air  Pcmps,  ditto  ditto  ditto 

Hydraulic  Presses,  facts  relating  to  the  best  construction,  means  of  working, 

and  application. 

KOTARY  AND  CENTRIFUGAL  PUMPS,  ditto 

Fire  Engines,  ditto 

Sluices  and  Sluice  Cocks,  ditto 

V- Cranes,  ditto 

Steam  Cranes,  Hydraulic  Cranes,  Pneumatic  Cranes, 

LltTS    FOR    RAISING   TRUCKS,    &C.  ditto 

Lathes.  Planing,  Uoring,  and  Slotting  Machines,  &c.,  particulars  of 
improvements — description  of  new  self-acting  tools. 

Wood-working  Machines,  morticing,  planing,  &c. 

Toothed  Wheels,  best  construction  and  form  of  teeth — results  of  working — 
power  transmitted — method  of  moulding. 

Driving  Belts  and  Straps,  best  make  and  material,  leather,  rope,  wire, 
gutta  percha,  Sec, — comparative  durability,  and  results  of  working — power 
communicated  by  certain  sizes. 

Dynamometers,  pressure  gauges,  governors,  construction  and  working. 

Strength  of  Materials — facts  relating  to  experiments  on  ditto,  and  general 
details  of  the  proof  of  girders,  kc. — girders  of  cast  and  wrought  iron, 
particulars  of  different  constructions,  and  experiments  on  them — best  forms 
and  proportions  of  girders  for  different  purposes — best  mixture  of  metal — 
mixtures  of  wrought  iron  with  cast. 

Durability  of  Timber  of  various  kinds — best  plans  for  seasoning  timber  and 
cordage — results  of  Kyan's,  Payne's,  Bethell's,  and  Burnett's  processes,  &c. — 
comparative  durability  of  timber  in  different  situations. 

Corrosion  of  Metals  by  salt  and  fresh  water,  and  by  the  atmosphere,  ic. — 
facts  relating  to  corrosion,  and  best  means  of  prevention — means  of  keeping 
ships'  bottoms  clean — galvanic  action,  nature,  and  preventives. 

Alloys  of  Metals — facts  relating  to  different  alloys. 

Friction  of  various  Bodies — facts  relating  to  friction  under  ordinary 
circumstances — friction  of  iron,  brass,  copi)er,  tin,  wood,  ice. — proportion  of 
weight  to  rubbing  surface — best  forms  of  journals,  and  construction  of 
axle  boxes,  iic. — lubrication,  best  materials,  and  means  of  applicatiuu.  and 
results  of  practical  trials — best  plans  for  oil  tests. 
Iron  Koofs,  particulars  of  construction  for  different  purposes — durability  in 
various  climates  and  situations — comparative  cost,  weight,  and  durability — 
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roofs  for  slips  of  cast-iron,  wrought-irou,  timber,  &cc.,  best  construction, 
form,  and  material — details  of  large  I'oof s,  and  cost. 

FiRE-PKOOF  Buildings,  particulars  of  construction — most  efficient  plan — 
results  of  trials. 

Chimney  Stacks  of  large  size — particulars,  form,  force  of  draught,  mode  of 
building,  cheapest  construction,  &c. 

Bricks,  manufacture  and  durability — hollow  bricks,  fire  bricks,  and  fire  clay — 
perforated  bricks,  cost  of  manufacture,  and  advantages — machines  for  brick 
making. 

Gas  Works — best  form,  size,  and  material  for  retorts — construction  of  retort 
ovens — quantity  and  quality  of  gas  from  difEerent  coals — oil  gas,  water 
gas,  &c.— improvements  in  purifiers,  condensers,  and  gas-holders — wet  and 
dry  gas-meters — pressure  of  gas,  gas-exhauster — gas-pipes,  strength  and 
durability,  and  construction  of  joints — proportionate  diameter  and  length 
of  gas-mains,  and  velocity  of  the  passage  of  gas — experiments  on  ditto,  and 
on  the  friction  of  gas  in  mains,  and  loss  of  pressure. 

WateH  Works — facts  relating  to  water  works— application  of  power,  and 
economy  of  working — proportionate  diameter  and  length  of  pipes — experi- 
ments on  the  discharge  of  water  from  pipes,  and  friction  through  pipes — 
strength  and  durability  of  pipes,  and  construction  of  joints — relative 
advantages  of  stand  pipes  and  air  vessels. 

Well  Sinking,  and  ARTESiAi^f  Wells,  facts  relating  to. 

Coffer  Dams  and  Piling,  facts  relating  to  the  construction. 

Piers,  fixed  and  floating,  and  Pontoons,        ditto        ditto 

Pile-Driving  Apparatus,  particulars  of  improvements — use  of  steam  power — 
Potts'  apparatus — the  compressed  air  system. 

Dredging  Machines,  particulars  of  improvements  — application  of  dredging 
machines — power  required  and  work  done. 

Diving  Bells  and  Diving  Dkesses,  facts  relating  to  the  best  construction. 

Cast  iron  and  Wrought  iron  Lighthouses,  ditto  ditto 

Mining  Operations,  facts  relating  to  mining — means  of  ventilating  mines, 
use  of  steam  jet  and  ventilating  machinery — mode  of  raising  materials — 
mode  of  breaking,  pulverising,  and  sifting  various  descriptions  of  ores. 

Blasting,  facts  relating  to  blasting  under  water,  and  blasting  generally — use 
of  gun-cotton,  &c. — effects  produced  by  large  and  small  charges  of  powder. 

Blast  Fuknaces — consumption  of  fuel  in  difEerent  kinds — burden,  make,  and 
quality  of  metal — pressure  of  blast — horse-power  required — economy  of 
working — improvements  in  manufacture  of  iron — comparative  results  of  hot 
and  cold  blast. 

Puddling    Furnaces,    best   forms    and    construction  — worked   with    coal, 

charcoal,  &c. 
Heating  Furnaces,  best  construction — consumption  of  fuel,  &c. 
Conveeting  Furnaces — manufacture  of  steel — casehardening,  &c. 
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Smiths'  Forges,  best  construction— size  and  material— power  of  blast— hot 
blast,  iSic— construction  of  tuyeres. 

Smiths'  Fans,  and  Fans  penerally.  best  construction,  form  of  blades,  &c.,  with 
facts  relating  to  the  amount  of  power  employed  and  the  per-centage  of 
effect  produced. 

Coke  and  Charcoal,  particulars  of  the  best  mode  of  making,  and  construction 
of  ovens,  &c. 

Railways — construction  of  permanent  way — section  of  rails,  and  mode  of 
manufacture — experiments  on  rails,  deflection,  deterioration,  and  compara- 
tive durability — material  and  form  of  sleepers,  size,  and  distances — improve- 
ments in  chairs,  keys,  and  joint  fastenings — permanent  way  for  hot 
climates. 

Switches  and  Cbossinos,  particulars  of  improvements,  and  results  of  working 
— advantages  obtained  by  steeling  points  and  tongues. 

Turn-Tables,  particulars  of  various  constructions  and  improvements. 

Signals  for  Stations  and  Trains,  and  self-acting  signals. 

Breaks  for  Carriages  and  Waggons,  best  construction. 

Buffers  for  Carriages,  kc,  and  Station  BuflEers  — different  construction  and 
materials. 

Springs  for  Carriages.  &c.,  buflSng  and  bearing  springs — particulars  of  different 
constructions  and  material.-^,  and  results  of  working. 

Railway  Wheels,  wrought  iron,  cast  iron,  and  wood — particulars  of  different 
constructions,  and  results  of  working — comparative  expense  and  durability — 
wrought  iron  and  steel  tires,  comparative  economy  and  results  of  working  — 
solid  wrought  iron  wheels. 

Railway  Axles,  best  description,  form,  material,  and  mode  of  manufacture — 
comparison  of  solid  and  hollow  axles. 


The  Council  invite  communications  from  the  Members  and  their  friends  on 
the  preceding  subjects,  and  on  any  Engineering  subjects  that  will  be  useful  and 
interesting  to  the  Institution  ; — also  presentations  of  Engineering  drawings, 
models,  and  books  for  the  library  of  the  Institution. 

The  communications  should  be  written  on  foolscap  paper,  on  one  side  only 
of  each  page,  leaving  a  clear  margin  on  the  left  side  for  binding,  and  they 
should  be  written  in  the  third  person.  The  drawings  illustrating  the  commuui- 
catiou  should  be  on  so  large  a  scale  as  to  be  clearly  visible  to  the  meeting  at  the 
time  of  reading  the  communication,  or  enlarged  diagrams  should  be  sent  for  the 
illustration  of  any  particular  portions. 
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PKOCEEDINGS. 


Ai'KiL  30,  1856. 

Tho  General  Meeting  of  the  Mtuxbers  was  held  at  tho  lioase  of 
the  Institution,  Newlmll  Street,  Birmiuglmm,  on  Wednesday,  30th 
April,  185G;  BENJAMIN  FoTHERGiLL,  Esq.,  Vice-President,  in  the 
Chair. 

The  Minutes  of  tlie  last  General  Meeting  were  read  and  confirmed. 

The  Chairman  announced  that  the  Ballot  Papers  had  been  opened 
by  the  Committee  appointed  for  the  purpose,  and  the  following  Xevr 
Members  were  duly  elected : — 

MEMBERS. 

Edward  Ellis  Allen, London. 

George  Harrison, Birkenhead. 

Charles  Markuam, Derby. 

John  Vernon, Liverpool. 

Frederick  R.  Wheeldon, Bilston. 

Henry  Bickerton  Whitehocse,  .     .     .  Bilston. 

John  Young, Leeds. 


The  followiDg  Paper,  by  Mr.  John  Femie,  of  Derby,  was  then 
read : — 

DESCRIPTION  OF  AN  IMPROVED  FOUNDRY  HOIST 
AND  CUPOLA. 

The  object  of  the  present  paper  is  to  describe  some  improvements 
in  foundry  plant,  consisting  of  an  improved  Hoist,  the  invention  of 
the  writer,  combined  with  Ireland's  Cupola  and  Lloyd's  Fan,  which 
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bavo  been  lately  erected  tinder  the  author's  superintendence  at  the 
Britannia  Foundry,  Derby,  and  have  given  great  satisfaction. 

It  is  not  intended,  in  this  paper,  to  enter  into  any  theoretical 
details;  it  is  proposed  merely  to  describe  the  practical  working  of 
the  above  appliances,  and  to  consider  them  especially  in  regard  to 
their  economical  results.  The  fan,  hoist,  and  sand  and  loam  mills, 
are  all  driven  by  a  small  high-pressure  engine  and  boiler,  put  up  at 
the  same  time  as  the  other  plant.  The  steam  is  got  up  at  8.0  a.m. 
to  work  the  hoist.  The  blast  is  put  on  at  10.0  a.m.,  and  kept  up  till 
1.0  p.m. ;  the  fire  is  then  damped  down  till  4.0  p.m.,  when  the  fan  is 
again  put  on,  and  runs  till  7.0  p.m.  The  engine,  consequently,  works 
six  hours  per  day ;  and  the  sand  and  loam  mills  are  speeded  to  do 
their  work  in  the  six  hours.  The  engine  has  a  horizontal  cylinder, 
11  iuches  diameter,  and  22  inches  stroke,  with  40  lbs,  steam,  and 
the  necessary  speed  for  the  fan  is  obtained  by  belts.  The  quantity 
of  coal  consumed  per  day  by  this  engine,  whilst  driving  the  fan  and 
sand  and  loam  mills,  is  6  cwt.,  and  the  total  consumption  with  the 
addition  of  the  hoist  is  7  cwt.  per  day  for  two  5  ton  charges  of  iron. 

The  improved  Hoist,  used  for  charging  the  cupola,  is  shown  in 
Figs.  1,  2,  and  3,  Plates  50  and  51. 

Fig.  1,  Plate  50,  is  a  general  plan  of  the  hoist,  as  arranged  with 
a  pair  of  cupolas  working  together. 

Fig.  2  is  a  vertical  section  of  the  hoist  and  cupola,  showing  the 
hoist  raised  in  its  highest  position. 

Fig.  3,  Plate  51,  shows  the  construction  of  the  hoist  in  detail. 

A,  Figs.  2  and  3,  is  a  steam  cylinder,  20  inches  diametei',  fitted 
loosely  with  a  piston,  which  has  a  range  of  3  feet.  Steam  is  supplied 
to  the  cylinder  by  the  wrought  iron  pipe  B,  of  Ij  inch  bore,  by 
means  of  a  three-way  cock,  which  admits  the  steam  or  allows  it  to 
escape  as  required.  The  exhaust  pipe  has  a  cock  at  its  far  end  by 
which  the  time  of  the  descent  of  the  hoist  is  regulated.  The 
cylinder  is  sunk  in  the  ground,  with  its  top  level  with  the  surface, 
and  is  surrounded  with  non-conducting  material.  C  C  C  is  a  4  inch 
cast  iron  pipe,  running  from  the  bottom  of  the  steam  cylinder  to  the 
bottom  of  the  hoist,  a  length  of  about  40  yards.  D  is  the  cylinder 
of  the  hoist,  12  feet  9  inches  long,  bored  out  from  end  to  end  to 
8  inches  diameter,  and  sunk  in  a  well,  the  top  being  about  12  inches 
below  the  level  of  the  ground.  The  piston  or  ram  E  has  a  cup 
leather  screwed  on  at  the  bottom  to  serve  as  packing.  F  is  the 
piston  rod,  formed  for  the  sake  of  lightness  of  a  wrought  iron  pipe 
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S\  inches  diameter  and  about  \  inch  thick,  carrying  at  the  top  the 
light  cast  iron  platform  G,  4  feet  square,  on  which  the  harrow  or 
wagon  loaded  with  materials  is  run.  The  platfonn  is  steadied  in  it« 
atiOt'nt  by  tlio  guides  II ;  1 1  aro  india  rubber  washers  to  break  the 
shock  of  stt>p]>ago  at  top  and  bottom. 

In  working  the  hoist,  the  pipes  C  C  C  aro  first  filled  with  water, 
till  the  piston  of  the  steam  cylinder  A  rises  up  to  the  top  of  the 
cylinder,  the  water  being  supjtlied  through  a  wrought  iron  pipe  of 
J  inch  bore  from  the  force  pump  of  the  engine  that  drives  the  fan. 
As  there  is  always  a  little  leakage  at  the  cup  leather  of  the  piston  E 
of  the  hoist,  the  fapacity  of  the  steam  cylinder  A  is  made  larger 
than  that  of  the  hoist  cylinder  D  to  allow  for  this  loss,  being  nearly 
in  the  proportion  of  2  to  I.  The  barrow  or  wagon  being  run  on  the 
platform,  the  steam  is  admitted  on  the  top  of  the  piston,  and  the 
hoist  begins  to  ascend.  For  the  first  stroke  or  two,  condensation 
takes  place  pretty  freely,  and  the  hoist  rises  slowly;  but  the  cylinder 
and  water  gradually  get  warm,  and  after  a  few  strokes  no  perceptible 
condensation  takes  place.  The  hoist  a.scends  the  10  feet  in  20 
seconds,  when  loaded  with  9  cwt.,  and  descends  in  30  seconds,  the 
steam  being  turned  on  and  off  by  the  enginoman;  the  men  at  the 
hoist  make  signals  when  they  want  the  hoist  to  ascend  or  descend, 
and  it  begins  to  move  immediately,  with  scarcely  any  perceptible 
loss  of  time. 

The  hoist  was  originally  calculated  to  lift  10  cwt.  at  a  time,  the 
pressure  of  the  steam  being  40  lbs.  per  square  inch,  and  the  diameter 
of  the  ram  E  8  inches,  making  the  total  pressure  upon  it  18  cwt.; 
but  it  can  take  up  conveniently  only  9  cwt.,  and  the  weight  of  the 
platform,  piston  rod,  and  ram  being  about  3  cwt.,  there  remain 
G  cwt.,  or  about  30  per  cent.,  of  which  just  so  much  is  lost  in  friction 
as  leaves  an  effective  pressure  sufficient  to  set  the  hoist  in  motion  at 
the  required  speed.  The  writer  has  tried  to  balance  part  of  the 
weight  of  the  hoist  by  means  of  a  counterbalance  weight ;  but  this 
was  ultimately  abandoned,  as  it  was  found  that  7  or  8  cwt.  was  as 
much  as  it  was  convenient  to  lift  at  once,  and  the  hoist  did  not  come 
down  so  quickly  as  was  required,  when  too  nicely  bfilanced.  An 
improvement  might  be  made  on  the  hoist,  by  the  addition  of  a 
condenser  attached  to  the  exhaust  pipe;  the  platform  might  then 
be  perfectly  balanced,  and  the  descent  made  sufficiently  rapid  by 
condensing  the  steam  on  the  top  of  the  piston. 

The  writer  has  made  several  experiments  to  •  ascertain  the 
consumption  of  coal  required  to  work  the  hoist  alone ;  and  has  found 


52  HOIST   AND   CUPOLA. 

ttat  1  cwt.  per  day,  in  addition  to  the  tisnal  qnantity,  6  cwt.,  used 
by  the  engine,  is  sufficient  to  lift  two  5  ton  charges  of  iron  per  day. 
Before  the  hoist  was  used,  as  many  as  four  labourers  were  employed 
during  the  whole  day ;  but  now  two  labourers  fill  up  the  cupola  in 
two  hours,  their  other  time  being  spent  in  the  foundry  at  cranes  or 
caiTying  hot  iron. 

The  hoist  has  now  been  at  work  18  months,  and  during  that  time 
has  lifted  about  5000  tons  10  feet  high.  The  only  expense  for 
repairs  has  been  the  cost  of  one  new  cup  leather  for  the  ram  of  the 
hoist,  and  one  india  rubber  buffer  riug. 

The  Cupola,  which  is  the  invention  of  Mr.  Ireland,  of  Manchester, 
is  shown  in  Figs.  1  and  2,  Plate  50.  It  is  capable  of  melting  at  the 
rate  of  B  tons  of  iron  per  hour.  The  height  from  the  floor  to  the 
top  is  27  feet,  and  from  the  floor  to  the  level  of  the  charging  door  K 
12  feet  6  inches.  The  shell  is  parallel  from  the  ground  to  the 
charging  door,  and  thence  it  gradually  tapers  up  to  the  top.  The 
outside  diameter  is  4  feet  6  inches  in  the  cylindrical  part,  and  2  feet 
6  inches  at  the  top.  The  inside  diameter  is  2  feet  6  inches  at  the 
bottom  of  the  crucible,  on  the  cupola  hearth  L,  contracting  to  2  feet 
3  inches  at  the  springing  of  the  boshes  M  M,  and  3  feet  9  inches 
from  the  boshes  to  the  charofing  door,  whence  it  tapers  to  1  foot 
9  inches  at  the  top.  The  height  of  the  crucible  is  4  feet  3  inches, 
aiid  of  the  boshes  1  foot  8  inches,  and  the  height  from  the  boshes  to 
the  charginsf  door  is  6  feet  3  inches.  From  the  top  of  the  boshes  to 
the  top  of  the  cupola  the  lining  is  formed  of  a  single  thickness  of 
firebricks,  which  is  quite  sufficient,  as  practically  there  is  found  to 
be  very  little  wear  above  the  top  of  the  boshes.  The  centre  of  the 
blast  hole  N  is  2  feet  from  the  bottom  of  the  cupola,  and  the  hole  is 
9  inches  diameter,  to  admit  a  7f  inch  tuyere.  0  is  a  slag  hole, 
5  inches  diameter,  the  top  of  which  is  level  with  the  bottom  of  the 
tuyere  hole.  P  is  the  tapping  hole,  which  is  made  in  the  usual 
manner. 

In  charging  the  cupola  in  the  morning,  a  small  fire  is  first  made 
at  the  bottom,  as  in  the  old  cupola,  and  then  7  cwt.  of  coke  is  put 
in.  The  top  of  this  should  be  carefully  levelled,  which  is  easily  done 
in  throwing  in  the  last  few  skips.  On  the  top  of  the  coke  1  ton  of 
iron  is  thrown  in,  the  pigs  being  broken  into  three  or  four  pieces 
each,  which  are  thrown  on  with  their  length  parallel  to  the  direction 
of  the  blast,  as  shown  in  the  plan,  Fig.  1,  leaving  a  space  immedi- 
ately over  the  tuyeres  for  the  scraps  that  are  to  be  melted.     The 
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next  clinrgo  is  2  cwi.  of  coke,  the  top  of  which  heinp  levelled  as 
before,  1  ton  of  iron  is  again  thrown  in,  the  y»itf  ends  lying  in  the 
direction  of  the  blast  as  in  the  first  charge,  and  the  scraps  are  added 
over  the  tuyeres.  The  next  chnrgo  is  \\  cwi.  of  coke,  then  1  ton  of 
iron,  and  these  charges  are  repented  till  suflicient  metal  has  been 
laid  on.  The  cupola  is  ready  for  blowing  as  soon  as  it  is  charged 
up  to  the  door,  as  shown  in  the  figure;  it  then  contains  6  tons  of 
metal,  and  15  cwt.  of  coke,  or  2s  cwt.  of  coke  per  ton  of  iron.  The 
first  charge  in  the  afternoon  is  rather  less  than  that  in  the  morning; 
a  portion  of  the  coke  u.sed  in  the  morning  is  saved,  and  the  cupola 
being  still  warm,  less  is  required  at  starting.  The  first  charge  is 
5  cwt.  of  coke,  after  which  the  charging  is  the  same  as  in  the 
morning,  giving  a  consumption  of  about  2J^  cwt.  of  coke  per  ton  of 
iron.  Hence  the  mean  consumption  for  the  whole  day  is  about 
2^  cwt.  of  coke  per  ton  of  iron.  The  charge  of  flux  consists  of 
\  cwt.  of  Derbyshire  spar  added  on  the  top  of  the  second  and  fifth 
charges  of  metal,  the  same  being  added  at  every  third  charge  of 
metal  afterwards.  The  slag  hole  is  kept  open  nearly  all  the  time  of 
blowing,  and  has  a  spout  from  it,  running  off  into  a  small  wagon. 

The  repairing  of  the  cupola  is  done  every  other  day ;  the  brick 
work  just  above  the  tuyeres  becomes  hollowed  out  by  the  action  of 
the  blast,  and  the  cupolas  are  accordingly  charged  only  every  other 
day.  Wlien  2-4  tons  of  metal  have  been  melted,  amounting  to  two 
days'  work,  the  repairs  that  are  then  ordinarily  required  take  on  an 
average  12  to  20  bricks,  about  |  cwt.  of  fire  clay,  and  2  or  3  hours' 
labour.  The  cupolas  on  this  construction  at  the  Britannia  Foundry 
have  been  nearly  two  years  at  work,  and  have  given  great  satisfaction  ; 
they  .save  nearly  half  the  coke  that  was  formerly  burnt  in  the 
cupolas  on  the  ordinary  construction  that  were  previously  used  in 
the  same  place.  The  bricks  used  are  from  Stourbridge,  and  the 
coke  is  from  Elsecar. 

The  superiority  of  Ireland's  cupola  over  the  old  construction 
consists  in  the  shape  of  the  interior,  the  height,  and  the  perfect 
system  of  charging.  Owing  to  the  shape  of  the  interior,  the  charges 
are  kept  up  by  the  boshes  M  M  alone,  and  as  they  gradually  descend 
the  incline,  they  are  melted ;  consequently  the  only  portions  of  the 
lining  of  the  cupola  that  are  subject  to  wear  are  the  boshes  and  the 
sides  of  the  crucible.  The  advantage  of  the  height  of  the  new  cupola 
is  evident  on  comparing  it  with  some  of  the  old  cupolas,  in  which  the 
height  from  the  ground  to  the  charging  door  seldom  exceeds  8  feet, 
and  in  many  cases  is  not  more  than  C  feet,  instead  of  12  feet  G  inches, 
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as  in  the  new  cupola ;  consequently  a  great  portion  of  the  heat  is  lost 
at  the  charging  door,  which  is  retained  in  Ireland's  cupola;  and  as 
all  the  heat  has  to  pass  up  through  the  charges,  the  iron  above  is 
gradually  warmed  as  it  descends. 

The  mode  of  charging  the  old  cupola  could  hardly  be  denominated 
a  system.  The  quantity  of  the  iron  was  estimated  by  the  gross 
weight,  or  was  guessed  at ;  and  the  coke  was  seldom  or  never  weighed. 
The  iron  was  thrown  on  without  any  method,  and  the  coke  was 
added  at  the  caprice  of  the  man  in  charge  of  the  cupola.  If  he 
thought  the  iron  looked  cold,  an  extra  skip  full  or  two  of  coke  was 
thrown  on,  and  he  was  not  very  particular  whether  he  threw  in 
more  iron  on  the  top  of  the  coke  or  not.  By  the  old  method,  the 
cupola  was  ready  for  blowing  as  soon  as  two  or  three  charges  had 
been  put  on,  and  a  large  portion  of  the  heat  was  consequently  lost; 
in  Ireland's  cupola  the  last  charge  must  be  thrown  in  before  the  blast 
is  turned  on,  and  the  heat  therefore  passes  from  the  first  through  the 
whole  of  the  charges,  so  that  very  little  is  wasted.  In  the  opinion  of 
the  writer,  the  quantity  of  coke  used  in  this  cupola  is  the  minimum 
amount  sufficient  to  melt  the  iron ;  for  on  two  sepai'ate  occasions 
when  the  blast  was  put  on  rather  too  soon,  before  the  cupola  was 
completely  charged,  there  was  great  difiiculty  in  getting  the  iron  to 
run  at  all,  and  towards  the  end  of  the  charge  the  front  of  the  tapping 
hole  had  to  be  pulled  down,  and  the  iron  was  drawn  out  only  partly 
melted.  The  heat  rising  from  the  lowest  part  of  the  charge,  instead 
of  being  retained  by  the  top  charges,  had  been  allowed  to  escape, 
thus  causing  the  half  melted  state  of  the  upper  portion  of  the 
charge. 

The  cupola  is  blown  by  a  Lloyd's  Fan,  shown  in  the  vertical 
section.  Fig.  4,  and  plan,  Fig.  5,  Plate  51.  E.  is  the  outer  case,  cast 
in  four  parts,  the  two  upper  of  which  are  bolted  permanently 
together,  and  also  the  two  lower.  The  horizontal  joint  through  the 
centre  admits  of  access  to  the  internal  parts  without  disturbing  the 
foundations.  S  S  are  the  bearings,  and  T  the  driving  pulley.  U  is 
the  internal  revolving  case,  called  the  impeller,  having  sheet-iron 
discs  V  Y  fixed  on  the  side  edges  of  the  blades.  XX  are  turned 
brass  rings  fixed  on  the  discs,  and  fitting  up  against  cast  iron  rings 
bolted  on  the  outer  case,  forming  the  centre  opening  through  which 
the  air  enters  the  fan.  T  is  the  discharge  pipe,  and  Z  Z  the  feet 
on  which  the  machine  stands,  and  by  which  it  is  bolted  down  to  the 
foundations. 
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Tlio  dinVrenco  betwceu  thw  fun  uiul  thoso  of  tlio  ortliiiary 
construction  con«iKt8  in  tlio  form  of  the  intcrniil  part  U,  which  njiiy 
bo  doscribod  as  a  revolving  coso,  having  six  curved  arniH  oaiit  in  oiio 
pifco;  on  these  arc  screwed  curved  sheet-iron  blades,  of  the  form 
shown  in  Fig.  4,  on  the  outer  edges  of  which  arc  fastened  the 
sheet-iron  discs  V  V,  previously  mentioned.  The  total  area  of  the 
openings  at  the  circumference,  as  also  the  total  sectional  area  of  the 
intermil  passages  at  any  distance  from  the  centre,  is  equal  to  the 
areas  of  the  two  central  openings  in  the  sides  of  the  outer  case. 

In  the  excellent  paper  on  tlie  Fan  Blast,  which  ilr.  Buckle  read 
to  this  Institution,  ho  entered  into  the  origin  of  the  objectionable 
noise  which  always  attends  the  old  fan.  Ue  found  that  by  altering 
the  area  of  the  passage  into  the  discharge  pipe,  by  means  of  a 
segmental  slide  attached  to  the  fan  chest,  the  noise  was  very  much 
reduced,  when  the  area  Avas  equal  to  the  area  of  the  tuyeres,  liy 
lowering  the  elide  till  it  was  level  with  the  underside  of  the  tips  of 
the  vanes,  nearly  the  same  quantity  of  air  was  impelled  as  with  the 
original  opening,  and  the  noise  from  the  fan  had  nearly  ceased.  It 
therefore  appears,  as  remarked  in  his  paper,  "  that  the  less  this 
opening  is  made,  provided  we  produce  sufficient  blast,  the  less  noise 
will  proceed  from  the  fan;  and  by  making  the  top  of  the  opening 
level  with  the  tips  of  the  vanes,  the  column  of  air  has  little  or  no 
reaction  on  the  vanes." 

It  is  not  the  intention  of  the  writer  to  enter  into  the  details 
investigated  in  Mr.  Buckle's  paper  ;  but  it  may  be  observed,  that  the 
principles  demonstrated  in  his  experiments  are  carried  out  in  this  fan, 
although  in  a  difl'erent  mamier.  The  discs  V  V  prevent  the  reaction 
of  the  air  on  the  sides  of  the  blades,  and  the  area  of  the  tips  being 
so  much  reduced,  there  is  little  surface  for  the  blast  to  react  upon  at 
the  tips,  and  hence  the  fan  is  almost  noiseless.  The  pressure  of  blast 
at  1-iUO  revolutions  per  minute,  supplying  two  7  inch  tuyeres,  is 
equal  to  8  inches  of  water,  that  is  H  inches  rise  and  8  inches  fall  of 
the  water  in  the  gauge,  making  IG  inches  total,  or  'J  ounces  pressure 
per  square  inch ;  and  at  2UU0  revolutions  per  minute,  supplying  two 
8  inch  tuyeres,  the  pressure  is  equal  to  12  inches  of  water,  or 
24;  inches  total,  equivalent  to  14;  ounces  pressure  per  square  inch. 
The  tirst  of  these  pressures,  8  inches  of  water,  has  always  been 
found  by  the  writer  to  be  more  than  sufficient  to  melt  ftx)m  2  to 
3  tons  of  iron  per  hour. 

It  has  been  the  design  of  the  writer  of  this  paper,  in  giving  the 
results  of   his  experience  iu  the  working  of  the  cupola,  fan,  and 
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hoist,  to  furnish  to  the  Institution  some  practical  data  connected  with 
the  melting  of  iron,  as  economy  is  best  induced  by  the  communication 
of  such  experience.  The  coke  consumed  per  ton  of  iron  melted  in 
the  cupola  may  be  safely  set  down  at  2^  cwts.  for  ordinary  working ; 
but  in  continuous  woi'kiug,  such  as  railway  chair  work,  for  instance, 
the  average  might  be  brought  down  as  low  as  Ij  cwt.  of  coke  per 
ton  of  iron,  while  the  coal  consumed  for  driving  the  fan  and  hoist, 
and  sand  and  loam  mills,  should  not  exceed  |  cwt.  per  ton  of  iron. 


Mr.  Fernie  exhibited. a  specimen  of  a  small  Fan,  made  on  the 
construction  described  in  the  paper. 

The  Chairman  enquired  whether  he  had  made  any  comparative 
experiments  with  fans  having  blades  parallel  in  width  throughout, 
instead  of  tapered  blades  as  in  the  fan  described  in  the  paper :  in 
some  fans  that  he  was  acquainted  with,  as  in  those  by  Schiele,  of 
Oldham,  near  Manchester,  the  noise  was  prevented,  though  the 
blades  were  kept  parallel,  and  there  appeared  to  be  some  difference 
of  opinion  respecting  the  form  of  the  blades. 

Mr.  Fernie  had  not  had  an  opportunity  of  experimenting  with 
fans  having  parallel  blades,  and  consequently  could  not  speak  of  the 
comparative  advantages  of  the  different  forms ;  but  he  thought  the 
casing  round  the  blades  gave  a  superiority  over  the  ordinary  fan  with 
open  blades. 

Mr.  Betek  asked  whether  the  fan  was  noiseless  at  all  speeds,  and 
what  was  the  highest  speed  at  which  it  had  been  driven. 

Mr.  Feenie  replied  that  there  was  no  humming  noise  perceptible 
at  any  speed,  and  the  clicking  of  the  belt  was  the  only  sound  to  be 
heard ;  the  fan  was  3  feet  diameter  in  the  revolving  part,  and  the 
highest  speed  at  which  he  had  seen  it  driven  was  1400  revolutions 
per  minute,  the  ordinary  working  speed  being  1000  revolutions  per 
minute. 

Mr.  R.  Williams  enquired  whether  the  joint  between  the  fan  and 
the  outer  case  did  not  require  frequent  oiling,  as  the  friction  would 
be  considerable  if  it  touched  at  all. 

Mr.  Fernie  replied  that  no  lubrication  was  required  except  for  the 
joui-nals,  as  the  fan  was  made  just  to  swim  clear  of  the  outer  case  ; 
the  journals  had  a  large  bearing  surface,  and  were  free  from  end 
play,  preventing  the  fan  from  coming  in  contact  with  the  outer  case ; 
no  leakage  of  air  was  perceived  at  the  joint,  though  it  was  not  quite 
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close.  Tho  revolving  portion  of  the  fun  was  liglit  in  constrDction, 
which  wan  an  advantage,  tho  blades  and  diNCs  being  thiu,  and  tho 
arms  also  thin,  being  all  cast  in  one  piece. 

The  CliAlltMAN  observed  that  from  the  invchtigations  in  Mr. 
Bnckle's  paper  it  appeai-ed  that  the  noiso  might  bo  effectually 
prevented  in  fans  having  flat  and  parallel  blades,  if  properly  propor- 
tioned. In  Schiele's  fan  tho  blades  >vt  re  more  curved  towards  the 
outer  extremities,  and  the  air  was  drawn  in  on  one  side  only,  and 
expelled  at  the  centre  of  tho  opposite  side.  In  the  fan  recommended 
by  Mr.  Buckle  tho  blades  were  flat  instead  of  curved,  and  of  equal 
width,  any  rebound  of  the  air  after  delivery  from  the  blades  being 
prevented  by  making  the  outer  case  of  a  spiral  form,  increa.sing 
the  space  beyond  the  blades  till  it  reached  the  size  of  tho  discharge 
opening. 

Mr.  H.  Wright  confirmed  what  had  been  said  of  the  absence  of 
noise  in  Lloyd's  fan  ;  he  had  had  one  at  work  for  some  time,  and  it 
had  proved  very  satisfactory.  The  fan  was  driven  by  only  one  sti-ap, 
instead  of  two  as  frequently  used,  and  he  thought  that  plan  preferable, 
as  the  tension  of  two  straps  could  not  be  kept  exactly  equal. 

The  Chairman  enquired  whether  any  of  the  members  present  had 
made  trial  of  the  cupola  described  in  the  paper. 

Mr.  Cochrane  had  one  of  Ireland's  cupolas  in  use,  and  it  had 
proved  quite  satisfactory  and  economical  in  fuel,  if  worked  with 
complete  regularity  ;  he  had  had  it  at  work  for  three  or  four  jears, 
but  had  found  that  it  could  not  be  worked  so  economically  as  had 
been  stated.  If  cwt.  to  I^  cwt.  of  coke  per  ton  of  iron  being  quite 
the  lowest  amount  to  which  he  had  succeeded  in  reducing  the 
consumption,  the  cupola  being  charged  with  care  in  the  manner 
described  in  the  paper.  He  thought  it  a  very  good  construction  of 
cupola. 

Mr.  Ferxie  said  that  Mr.  Ireland  stated  he  had  reduced  the 
consumption  to  Ij  cwt.  of  coke  per  ton  of  iron,  when  the  cupola  was 
employed  on  regular  continuous  work,  as  in  casting  railway  chairs; 
but  in  his  own  experience,  with  less  regular  work,  he  had  not  been 
able  to  get  it  lower  than  about  2  cwt.,  as  stated  in  the  paper. 

The  Chairman  enquired  how  many  of  the  cupolas  had  been  erected, 
and  what  length  of  time  any  of  them  had  been  at  work. 

Mr.  Fernie  replied  that  he  believed  there  were  about  90  of  the 
improved  cupolas  in  use,  some  of  which  had  been  at  work  for  five 
years  ;  he  was  not  aware  that  there  were  any  in  that  neighbourhood, 
bat  several  had  been  put  up  at  Manchester. 

I 
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The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Fernie  for  his 
paper,  Avhich  was  passed. 


The  following  Paper,  by  Mr.  Francis  W.  Wymer,  of  Newcastle-on- 
Tyne,  was  then  read  : — 

DESCRIPTION  OF  A  DOUBLE  SLIDE  EXPANSION  VALVE 
FOR  MARINE  ENGINES. 

The  writer,  feeling  convinced  of  the  necessity  of  using  expansion 
valves  for  the  engines  of  screw  steamers,  applied  the  valves 
described  in  the  present  paper  to  the  engines  of  the  screw  ship 
"  Lord  Raglan,"  one  of  the  Tyne  and  Continental  Steam  Navigation 
Company's  vessels,  built  on  the  Clyde. 

The  objects  sought  to  be  obtained  by  the  application  of  these 
valves  are,  first,  to  aflPord  a  facility  for  using  the  full  power  of  the 
engines  when  necessary  for  any  length  of  time,  the  boilers  being 
made  large  enough  to  supply  a  sufficient  quantity  of  steam,  even 
when  cleaning  the  fires,  and  to  allow  of  the  necessary  amount  of 
blowing  off  at  sea.  Secondly,  to  provide  an  efficient  expansion  valve 
for  reducing  the  power  of  the  engines  to  any  limit  required,  so  as 
to  gain  an  increased  advantage  in  the  results  obtained  from  the 
consumption  of  a  given  quantity  of  fuel,  compared  with  that  which 
could  be  gained  by  the  ordinary  practice  of  wiredrawing  the  steam 
by  the  regulator  valve.  Thirdly,  to  provide  the  means  of  altering 
the  degree  of  expansion,  without  at  the  same  time  altering  the  lead 
of  the  valve,  or  the  time  of  exhausting  from  the  cylinder  into  the 
condenser. 

The  valves  are  shown  in  Figs.  1  and  2,  Plate  52  ;  they  are  a 
modification  of  Messrs.  Hawthorn's  expansion  valves  for  locomotive 
engines.  The  slide  valve  A  of  each  engine  is  worked  by  a  pair  of 
eccentrics  B  B  connected  by  a  link  C  for  reversing  the  motion  in 
the  ordinary  way.     A  cut-off  slide  D  is  placed  on  the  back  of  the 
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Rlide  vnlvc  A,  throagh  which  the  steam  has  to  pass,  and  thu  ii 
worked  by  a  third  eccentric  E  throuf,'h  an  ex  link  F,     Tho 

lower  end  of  the  link  F  ia  connected  to  a  coi  ■  ;  ing  (1  on  tho 

axle,  and  is  consequently  stutionary,  so  that  by  sliding  the  rod  of  the 
cut-off  slide  I)  to  the  lower  end  of  the  link  its  motion  is  stopped,  and 
tho  valvo  remains  full  open  throughout  the  Ktrokc,  tho  engines  then 
working  at  their  full  power.  Tho  cxpanhion  link  F  can  bo  adjusted 
by  the  lever  H  to  cut  off  tho  steam  at  any  point  required  in  forward 
gear,  and  the  combined  action  of  tho  two  slides  gives  a  more  prompt 
cutting  off  with  less  wiredrawing  of  the  steam  than  in  the  case  of 
tho  ordinary  single  slide  valvo.  In  backward  gear  the  ordinary 
slide  A  alone  is  required  to  act,  tho  reversing  being  effected  by  tho 
lever  I  ;  tho  link  C  is  used  only  for  reversing,  and  can  be  fixed  only 
in  tho  extreme  positions  of  forward  and  backward  gear,  the  expansion 
being  regulated  by  tho  cut-off  slide  D  alone. 

In  the  engines  shown  in  the  figures,  the  pistons  have  oO  inches 
stroke,  and  the  main  valves  A  are  set  to  cut  off  at  22\  inches  or  f  ths 
from  tho  commencement  of  the  stroke.  By  moving  the  link  F  to 
any  point  between  the  centres  of  the  two  rods  E  and  G,  and  thereby 
varying  the  length  of  travel  of  tho  expansion  valvo  D,  the  steam 
may  be  cut  off  at  any  point  between  |ths  of  the  stroke,  when  the 
rod  G  is  in  full  gear  and  the  engines  are  working  at  their  full  power, 
and  jth  of  the  stroke,  when  the  rod  E  is  in  full  gear  and  the  expan- 
sion is  carried  out  to  the  maximum  degree. 

This  arrangement  of  valves  has  been  in  constant  use  on  board  the 
screw  steamer  "  Lord  Raglan"  for  the  last  nine  months,  during 
which  time  the  vessel  has  run  14,000  miles,  and  the  valves  have 
given  every  satisfaction  as  to  their  efficiency,  by  the  economy  of  fuel 
attending  the  use  of  them,  and  by  their  non-liability  to  derangement, 
and  the  ease  with  which  their  working  can  be  regulated  at  any  time 
according  to  the  situatimi  in  which  the  ship  may  be  placed,  so  as 
either  to  employ  the  full  power  of  the  engines,  or  to  economize  fuel 
for  a  long  voyage  by  working  expansively. 

The  following  Table  shows  the  results  obtained  from  experiments 
at  sea,  including  loss  by  blowing  off  necessary  to  keep  the  boilers 
clean,  cleaning  of  fires,  «S:c.,  incidental  to  steam  navigation. 
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Consum^ition  of  Fuel  of  the  "  Lord   Eaglaii"  Screw  Steamer, 
with  the  Double  Slide  E<vjjavsio)i  Valve. 


Kxpansioii 

in 
percentRgc 
of  Stroke. 

Number 

of 
Strokes 

per 
miuutc. 

Comparative 

Speed 

of 

Ship. 

Loss  of 
Sj)ied 

of 
Ship. 

Consump- 

tiou 

of  Coal 

per  hour. 

Pcr-Centagc 

Consumption 

of 

Coal. 

Per- 
centage 
Saving  of 
Coal. 

Pcr-Centage 

Gain  of 

Distance 

run  by  same 

consumption 

of  Coal. 

Per  Cent. 

Cwts. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

25 

75 

100 

18 

100 

33 

75  nearly 

100  nearly 

0  nearly 

18  nearly 

100  nearly 

0  nearly 

0  nearly 

45 

72 

96 

4 

16 

86 

14 

7i 
'  2 

50 

69 

92 

8 

13 

72 

28 

22 

58 

Q71 

90 

10 

10 

59 

'41 

38 

The  description  of  coals  used  in  the  above  trials  was  "West  Hartley. 

In  consequence  of  the  absence  of  the  vessel  in  the  Crimea,  the 
•writer  has  not  been  enabled  to  give  the  general  results  up  to  the 
present  time,  as  he  had  expected  to  do. 


Mr.  "Wtmer  exhibited  a  model  of  the  double  slide  valve,  and 
showed  the  action  of  the  cut-oflF  slide  with  various  degrees  of 
expansion. 

The  Chairman  observed  that  the  double  slide  valve  reminded  him 
of  the  valve  invented  by  the  late  Mr.  Bodmer,  which  had  a  cut-ofF 
slide  acting  in  a  similar  manner,  and  had  been  tried  in  several  kinds 
of  engines,  including  locomotives. 

Mr.  Beyer  had  used  Bodmer's  double  valves  formerly  in  several 
locomotives,  and  had  found  them  work  well  as  long  as  they  were 
kept  in  good  repair,  but  tbey  did  not  stand  well,  on  account  of  the 
great  rapidity  of  reciprocation  ;  the  single  valve  and  link  motion  was 
preferable  for  locomotive  engines.  The  double  slide  valves  would  no 
doubt  answer  better  for  stationary  or  marine  engines,  where  the 
motion  was  slower,  as  in  the  arrangement  described  in  the  paper. 

Mr.  Fenton  remarked  that  the  addition  of  the  cut-ofF  slide  gave  a 
better  means  for  adjusting  the  degree  of  expansion  ;  he  asked  whether 
it  had  an  advantage  in  facilitating  the  exhaust. 
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Mr.  Betkr  explained  that  tlie  oxIuiUHt  remained  always  the  tame, 
and  ojK'ued  to  the  full  extent  fur  all  dogreos  of  expuHHion,  the 
adnuhsiitn  alone  beiiip  iiflVetod  by  the  cut-ofl'  Klide  ;  mid  ii»  thia 
oonsisted  the  advantage  of  the  double  slide  over  the  single  valve. 

I^fr.  ^fiLi.EK  asked  what  metal  wag  used  for  the  valves  and 
eylindcr  fucen  in  tlie  tiis'iiHs  In  wliirli  iKc  iriul  cfthe  new  valves  had 
been  made. 

Mr.  Wtmkk  repliud  that  both  of  the  valves  were  of  cant  iron,  aui 
well  ns  the  cylinder  faces;  they  were  not  found  to  be  worn  after 
running  14,000  miles,  but  remained  in  a  very  good  state;  the  vessel 
was  at  present  abroad,  and  the  valves  had  been  examined  in  the 
week  previous  to  her  last  sailing.  He  had  at  first  used  the  ordinary 
link  motion  for  marine  engines,  but  had  found  a  difficulty  in 
preventing  the  engine  from  "  knocking  on  the  centres,"  in  consequence 
of  the  increase  of  lead  at  high  degrees  of  expansion,  and  the 
additional  defect  of  variation  in  the  exhaust  that  took  place  with  the 
ordinary  link  motion ;  these  circumstances  affected  large  engines 
seriously,  although  they  were  not  of  importance  in  small  quick- 
moving  engines  such  as  locomotives.  By  the  u.se  of  the  double  slide 
valve  that  had  been  described  the  lead  was  kept  the  same  and  the 
exhaust  remained  constant  for  all  degrees  of  expansion,  the  amount 
of  expansion  being  regulated  by  the  cut-off  slide. 

A  vote  of  thanks  was  then  passed  to  ifr.  Wymer  for  his 
communication. 


The  following  Paper,  by  Mr.  Charles  Beyer,  of  Manchester,  was 
then  read : — 

ON   WADDELL^S   IMPROVED   PACKING 
FOR    TUE    SLIDE    VALVES    OF    MARINE    ENGINES. 

The  mode  of  packing  the  slide  valves  of  marine  engines,  which 
forms  the  subject  of  the  following  paper,  is  the  invention  of 
Mr.  Robert  Waddell,  of  Liverpool,  for  many  years  chief  engineer 
of  sevgral  of  the  Cunard  ^lail  Line  of  Steam  Ships  crossing  the 
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Atlantic,  wlio  lias  been  led  by  bis  practical  experience  of  tbe  serious 
evils  and  difficulties  attending  tbe  present  usual  construction  to  devise 
a  remedy,  wliicb  simply  and  effectually  accomplisbes  tbe  desired 
object;  and  appeared  to  tbe  writer  a  desii'able  subject  to  bring  before 
a  meeting  of  tbe  Institution,  as  a  piece  of  practical  experience  tbat 
migbt  prove  serviceable  to  tbe  members. 

In  tbis  country,  tbe  slide  valve  is  generally  used  for  marine 
engines,  as  well  as  for  many  otbcr  engines,  and  is  particularly  suitable 
from  tbe  simplicity  of  its  construction  and  otber  advantages.  Tbe 
difficulties  attending  its  nse  bave  arisen  from  tbe  great  pressure 
under  wbicb  it  bas  worked,  and  tbe  consequent  friction  and  wear  of 
tbe  rubbing  faces.  In  large  engines,  sucb  as  tbose  of  the  Atlantic 
steamers,  in  order  to  allow  of  tbe  valves  being  worked  by  band  for 
reversing,  it  bas  been  found  necessary  to  remove  a  portion  of  tbe 
steam  pressure  from  tbe  back  of  tbe  valve,  and  tbis  bas  been  done 
eitber  by  excluding  tbe  steam  from  a  portion  of  tbe  back  of  tbe  valve, 
by  means  of  packings  acting  between  tbe  back  of  tbe  valve  and  tbe 
casing  or  valve  cbest ;  or  by  allowing  tbe  steam  to  pass  round  tbe 
portion  of  tbe  valve  between  tbe  ports,  as  is  done  in  tbe  D  slide 
valve.  Tbe  former  metbod  is  principally  used  for  sbort  valves  ;  but 
in  marine  engines,  especially  wliere  tbe  stroke  of  tbe  piston  is  long, 
the  D  valve  is  mostly  employed. 

Double-beat  valves  are  employed  in  the  American  line  of  Atlantic 
steamers,  as  well  as  in  their  river  steamers  generally,  excepting  for 
screw  engines,  where  tbe  great  number  of  revolutions  per  minute 
requires  slide  valves.  Tbe  double-beat  valves  are  preferred  to  tbe  D 
valve  particularly  in  the  river  steamers,  on  account  of  tbe  great 
increase  that  has  taken  place  in  the  size  of  tlTe  engines  and  the 
pressure  of  the  steam,  and  tbe  difficulty  that  would  arise  in  working 
the  D  valve  v^ith  frequent  stoppages  of  the  engines.  The  double- 
beat  valves  of  the  Atlantic  steamers  are  required  to  be  very  large, 
19  and  18  inches  diameter,  and  they  are  made  each  in  two  pairs, 
being  eight  valves  for  each  cylinder,  on  account  of  tbe  great  size  of 
the  cylinders,  which  are  95  inches  in  diameter  and  10  feet  stroke. 
Tbe  large  valve  chests  involve  a  loss  of  steam,  and  a  practical 
objection  is  experienced  in  the  difficulty  of  keeping  the  valves  tight, 
from  the  expansion  of  the  valve  chests  with  the  ribs  and  valve  seats; 
and  in  rough  weather,  when  the  vessel  is  rolling  and  pitching,  the 
valves  do  not  come  fair  to  their  seats ;  from  these  causes  it  is 
understood  that  a  trial  is  being  made  of  a  different  form  of  valve  for 
the  purpose. 
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In  tho  larg^  stoamors  orossiiif^  the  Atluutic,  t)io  D  valvo  ii 
coiistrui'teil  in  a  maanur  similar  to  that  shown  iu  the  vertical  Kection, 
Fig.  1,  lMutft'i3. 

Tho  vnlvo  consists  of  two  similar  portions  A  A,  fired  by  nata  on 
tho  valvo  spindle  B,  at  such  a  distance  apart  as  to  allow  tho  steam 
ports  CC  to  bo  near  tho  ends  of  tho  cylinder,  and  conKe<juciitly 
short,  preventing  the  loss  of  stoam  that  would  occur  with  long  p(jrts. 
Tho  ports  are  faced  with  bniss  bars  E  F,  upon  which  tho  valvo  laces 
rub,  and  the  valvo  has  a  throw  of  18  or  20  iuches.  Tho  steam  enters 
tho  centre  part  G  of  the  valvo  between  the  ports,  and  escapes  to  tho 
condoustT  by  passing  out  beyond  tho  ends  of  tho  valve  at  II II.  The 
back  of  tho  valvo  is  made  steam-light  by  packing  rings  placed 
opposite  tho  ports  at  1 1,  which  prevent  tho  steam  from  blowing 
right  through  into  the  condenser.  The  packing  is  generally  formed 
of  a  flax  gJUiket  with  a  metal  segment  behind  it,  placed  in  a  recess 
or  port  in  tho  casing  of  the  steam  chest,  and  is  set  up  to  the  back  of 
the  valvo  by  set  screws  acting  upon  the  metal  segment. 

Tho  defects  of  this  ordinary  mode  of  packing  the  valves  lie  in 
the  varying  pressure  of  the  valve  faces  upon  the  bars  of  the  ports, 
which  varies  from  several  tons  to  nothing,  and  a  pressure  tending  to 
scpanite  the  valve  face  from  the  bars.  Taking  the  steam  ports  to  be 
each  45^  inches  long  by  10  iuches  deep,  as  in  the  large  Atlantic 
steamers  having  lUO  inch  cylinders,  and  the  packing  ports  II  at  the 
back  of  the  valve  to  be  each  3^  inches  deep,  then,  when  the  valve  is 
in  the  position  shown  in  the  tigure,  admitting  the  steam  to  the  top 
of  tho  cylinder,  tho  pressure  of  the  steam  upon  tho  entire  area  of  tho 
packing  is  unbalanced  ;  or,  taking  the  pressure  of  the  steam  at  2U  lbs. 
per  Square  inch  above  the  atmosphere,  there  is  an  unbalanced  pressure 
of  2u  lbs.  per  square  inch  on  an  area  of  16*J  square  inches,  giving  a  total 
pressure  of  3,180  lbs.  tending  to  force  the  valve  off  the  bars  against 
tho  packing  all  the  time  the  port  is  open ;  and,  consequently,  the 
packing  must  be  made  by  the  set  screws  to  exert  constantly  a 
pressure  of  3,180  lbs.  upon  the  back  of  the  valve,  in  order  to  keep  it 
up  to  the  face  of  the  port,  and  prevent  the  steam  from  blowing 
through  into  the  condenser  between  the  faces  of  the  valve  and  port. 
On  the  other  hand,  when  the  port  is  opened  to  the  condenser,  and 
the  valve  in  the  position  shown  at  the  lower  port  iu  the  tigure,  tho 
pressure  of  the  steam  is  unbalanced  upon  the  difference  between  the 
combined  area  of  the  port  and  steam  bar  E  together  with  the  bai-s  at 
the  ends  of  the  ports,  and  the  area  of  the  packing  ;  or,  taking  tho 
full  vacuum  at  12  lbs.  per  square  inch,  the  extreme  unbalanced 
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pressure  is  32  lbs.  per  square  inch  on  an  area  of  412  square  inclies, 
giving  a  pressure  of  13,184  lbs.,  to  which  must  be  added  5,088  lbs., 
the  pressure  of  the  packing,  making  a  total  pressure  on  the  back  of 
the  valve  of  18,272  lbs.,  or  8  tons,  during  the  time  of  exhausting. 

The  very  great  pressure  under  which  the  valves  work  is 
necessarily  attended  with  great  wear  both  of  the  valves  and  port 
faces,  requiring  considerable  expense  in  repairs.  The  valves  are  at 
the  same  time  much  more  difficult  to  be  worked  by  hand,  requiring 
two  men  to  handle  them  in  small  river  steamers  in  starting  the 
engine ;  and  in  large  stearaei'S  four  or  j&ve  men  are  wanted  for  each 
valve,  notwithstanding  that  the  gearing  is  arranged  to  give  a  power 
of  20  to  1,  In  some  instances,  small  steam  cylinders  have  been  tried 
for  working  the  valves,  in  the  place  of  hand  gearing,  but  the  writer 
is  not  aware  what  success  has  attended  the  change,  and  it  is  clear 
that  no  diminution  of  the  wear  of  the  valves  would  be  thereby 
effected. 

The  most  serious  practical  defect,  however,  attending  the  ordinary 
method  of  packing  the  valves,  is  not  so  much  the  great  pressure 
under  which  they  work,  as  the  varying  amount  of  the  pressure  per 
square  inch  between  the  rubbing  faces  at  different  parts  of  the  travel 
of  the  valve.  The  difficulty  arising  from  this  source  is  experienced 
more  particulai-ly  in  large  engines,  although  occurring  in  all  engines 
using  the  slide  valve,  in  proportion  to  their  size,  and  where  the  valve 
is  applied  on  a  large  scale  the  amount  of  the  evil  becomes  very 
serious.  It  has  been  seen  that  when  the  port  is  open  to  the  condenser 
there  is  an  extreme  pressure  of  18,272  lbs.  on  the  back  of  the  valve; 
this  fs  borne  by  an  area  of  only  114  square  inches  when  the  port  is 
full  open  to  the  exhaust;  but  when  the  port  is  beginning  to  open  the 
pressure  is  borne  by  an  area  of  144  square  inches;  and  the  unbalanced 
pressure  at  that  time  is  only  about  16  lbs.  per  square  inch,  giving  a 
total  unbalanced  pressure  of  9,136  lbs. ;  hence  the  pressure  between 
the  rubbing  faces  is  63  lbs.  per  square  inch  when  the  steam  begins 
to  exhaust,  and  increases  to  160  lbs.  per  square  inch  when  the  port 
is  full  open,  and  accordingly  the  friction  on  the  exhaust  side  F  of  the 
face  of  the  port  is  only  40  per  cent,  of  that  on  the  steam  side  E,  or 
60  per  cent,  less  than  the  latter,  and  consequently  the  steam  bar  E  is 
worn  down  more  rapidly  than  the  exhaust  bar  F.  In  a  voyage  across 
the  Atlantic  and  back,  the  faces  have  been  found  to  wear  about 
l-32nd  inch  off  the  straight  on  the  steam  side,  and  the  wear  would 
soon  increase  to  1-1 6th  inch,  if  they  are  not  re-adjusted.  The 
consequence  of  this  unequal  wear  is  that,  when  the  valve  moves  back 


VALVE    PACKINU.  65 

again,  closing  the  port,  it  is  in  efiict  rit<ing  up  an  inclined  plane  of 
l-32ud  inch,  nnd  u  clear  opening  iu  left  underneath,  through  which 
the  steam  hluws  straight  into  the  condenser,  cauKing  nvasto  of  the 
steam  and  injury  to  the  vacuum.  The  wear  ol  l-32nd  inch  in  a  jiort 
4'>l  indies  long  gives  a  clear  opening  of  1 1  square  inches,  through 
which  the  steam  blows  straight  into  the  condenser  at  the  beginning 
of  exhauKtion.  When  the  opening  to  the  condenser  is  closed,  the 
wear  of  the  stoani  side  of  the  port  permits  the  steam  to  act  as  a 
cushion  upon  the  piston  at  the  end  of  the  stroke,  and  the  same  circum- 
stance allows  it  to  continue  entering  the  cylinder  after  it  is  supposed 
to  bo  cut  off  by  the  valve.  The  valve  face  is  of  course  most  worn  on 
the  exhaust  side,  and  the  total  wear  of  both  the  valve  and  cylinder 
faces  depends  on  the  degree  of  expansion  and  the  amount  of  lap. 

The  eflects  of  the  unequal  wear  of  the  valve  and  cylinder  faces 
have  been  felt  much  more  of  late  years,  in  consequence  of  the  great 
increase  in  the  size  of  marine  engines,  and  the  increased  pressure  of 
steam,  which  ha.s  been  more  than  doubled  in  some  cases  for  the 
purpose  of  saving  fuel  by  working  more  expansively  ;  and  the  trouble 
and  expense  that  have  arisen  from  this  source  have  probably  led  in 
some  instances  to  the  abandonment  of  the  slide  valve.  In  order  to 
obviate  the  evil  as  much  as  possible,  it  is  necessary  that  the  valve 
and  cylinder  faces  should  be  re-adjusted  as  often  as  an  opportunity 
offers,  otherwise  the  loss  of  steam  will  be  very  great.  In  large 
steamers  crossing  the  Atlantic,  the  valves  are  usually  drawn  on 
arriving  at  each  port  for  the  purpose  of  examining  the  packings, 
which  often  require  to  be  replaced;  and  at  the  tame  time  the  valve 
and  cylinder  faces  are  adjusted.  Two  or  three  days  are  required 
each  voyage  for  partially  adjusting  the  valve  and  cylinder  faces  ;  and 
once  a  year  they  have  to  be  thoroughly  done  up,  back  and  faces, 
which  occupies  about  a  fortnight.  So  much  straightening  of  the 
cylinder  faces  soon  wears  them  down,  and  they  require  to  be  renewed 
in  a  few  years. 

The  great  loss  of  steam  that  takes  place  iu  this  way,  from  the 
faces  getting  off  the  straight,  often  escapes  observation,  as  the 
packings  can  be  adjusted  to  the  back  of  the  valve  only  when  iu  ita 
tightest  position,  and  whilst  the  engines  are  standing.  In  that 
position  of  the  valves  on  the  ports,  there  will  be  no  escape  of  steam 
into  the  condenser,  the  valve  faces  being  on  the  exhaust  bars  F  F, 
and  the  packing  then  fitting  close  to  the  back  of  the  valves,  which 
have  consequently  the  appearance  of  being  tight,  although  loss  of 
steam  takes  place  as  soon  as  they  are  put  to  work. 

K 
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The  improved  mode  of  packing,  the  subject  of  the  present  paper, 
is  shown  in  Figs.  2,  3,  and  4,  Plate  53,  and  consists  in  replacing  the 
single  packing  ring  I  opposite  to  each  port  by  a  pair  of  packing 
rings  K  L  placed  opposite  to  the  bars  of  the  ports.  The  packing 
may  be  made  in  the  ordinary  manner  with  a  gasket  of  flax  or  india 
rubber  backed  by  a  metal  segment  for  the  set  screws  to  act  upon ; 
or  a  metallic  packing  ring  may  be  used,  and  springs  may  be  substi- 
tuted for  the  set  screws.  As  the  strips  of  packing  are  never  exposed 
to  the  pressure  of  the  steam  inside  the  valve,  the  pressure  to  which, 
they  are  adjusted  need  be  no  more  than  sufl&cient  to  prevent  the 
steam  blowing  through  between  the  valve  and  the  port  face.  The 
brass  bars  at  the  ends  of  the  port  have  two  small  recesses  MM, 
Fig.  6,  Plate  54,  in  the  outer  edge  of  each,  into  which  the  ends  of 
the  segments  or  packing  rings  may  enter  as  the  packing  wears  down. 
This  will  make  a  tight  joint,  as  the  extreme  positions  of  the  valve 
in  its  travel  do  not  uncover  the  recesses.  The  space  N  between  the 
two  rings,  shown  in  the  section  Fig.  2,  and  the  back  elevation.  Fig.  5, 
communicates  with  the  port  by  a  hole  0,  Fig.  4,  at  each  end  of  the 
port,  and  by  this  plan  there  is  always  the  same  pressure  on  the  back 
of  the  valve  between  the  packings  as  in  the  port.  The  space  N  is 
made  wider  than  the  port  by  the  amount  of  the  width  of  one  of  the 
packing  strips,  and  the  extra  area  thus  provided  for  steam  pressure 
on  the  back  of  the  valve  replaces  the  area  excluded  from  steam 
pressure  by  the  packing  strip  K  on  the  steam  side.  Hence  this  valve 
is  really  a  balanced  or  equilibrium  slide  valve,  and  is  not  affected  by 
the  amount  of  pressure  of  the  steam.  The  wear  of  the  valve  and 
cylinder  faces  and  also  of  the  packing  is  consequently  very  greatly 
reduced,  the  total  pressure  between  the  rubbing  faces  being  no  more 
than  the  amount  required  to  keep  them  always  in  contact ;  and  the 
wear  that  does  take  place  is  uniform,  instead  of  being  concentrated 
at  a  particular  part. 

The  new  mode  of  packing  not  only  removes  effectually  the  objec- 
tions to  the  ordinary  method,  but  is  itself  free  from  mechanical 
difficulties,  whilst  its  simplicity  renders  it  as  easily  applicable  as  the 
usual  plan,  and  it  may  be  readily  applied  to  existing  engines. 

The  new  packing  is  applicable  also  to  single  slide  valves,  in  the 
manner  shoAvn  in  Figs.  7,  8,  and  9,  Plate  54.  The  steam  in  this  case 
is  admitted  at  each  end  G  G  of  the  valve,  and  the  eduction  takes 
place  from  the  centre  H.  The  space  N"  between  the  packings  at  the 
back  of  the  valve  communicates  with  the  port  by  the  passage  0, 
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Fig.  8 ;  and  tho  back  of  tho  valvo  oj)po8ito  the  exiinnst  port  H 
commuuicntes  with  tho  port  through  the  opniiiipH  P  P,  Fig.  U,  so 
that  tho  pressure  upon  tho  valvo  is  completely  balanced  throughout, 
as  in  tho  largo  D  valvo  described  above. 

Tho  double-packed  valve  described  above  has  been  practically 
tried  in  a  pair  of  largo  horizontal  dircct-aciiiig  engines  of  500  horso 
power,  constructed  by  Messrs.  Kandolf,  Elder,  and  Co.,  of  Glasgow, 
for  the  screw  sliij),  '*  Columbian,"  of  2,500  tons  burthen.  The  engines 
make  58  revolutions  per  minute,  and  under  this  severe  test  the 
working  of  the  valves  has  proved  very  successful;  when  drawn  after 
working  for  a  period  of  about  eight  months,  they  aj>peared  to  have 
worked  very  smoothly,  being  in  tirst-rate  condition  on  the  back  and 
face.  The  packings  were  not  found  to  be  much  worn,  and  did  not 
require  to  be  replaced ;  they  had  never  needed  to  be  tightened  up 
during  the  voyage,  and  there  was  no  appearance  of  escape  of  steam, 
as  the  condensers  kept  their  vacuum  for  a  considerable  time  after 
stopping  the  engines. 

The  advantages  obtained  by  the  new  mode  of  packing  the  slide 
valves  are : — a  balanced  valve,  unaffected  by  the  amount  of  pressure 
of  the  steam  ; — diminished  friction  and  wear  of  the  rubbing  faces; — 
saving  in  consumption  of  fuel,  by  preventing  leakage  through 
the  valve  and  diminution  of  vacuum  in  the  condenser; — reduced 
weight  and  cost  of  valve  gear,  and  better  control  over  the  engine, 
consequent  upon  the  diminished  power  required  to  work  the  valves; — 
and  lastly,  saving  in  time,  expense,  and  labour  of  maintaining  the 
faces,  packing,  and  gearing,  in  proper  working  order. 


The  Chairman  remarked  that  the  great  amount  of  friction 
occasioned  by  tl*e  unbalanced  pressure  on  the  valves  in  large  engines, 
with  the  ordinary  mode  of  packing,  rendered  the  subject  one  of 
much  importance.  He  enquired  what  material  had  been  found  most 
suitable  for  packing  the  valves  on  the  new  plan. 

Mr.  Waddell  replied  that  he  preferred  to  use  a  bniss  packing, 
with  a  flax  gasket  behind  it  to  allow  of  a  slight  yielding.  The  new 
mode  of  packing  had  an  advantage  over  the  ordinary  plan,  in 
admitting  of  the  use  of  metal  packing;  in  tho  ordinary  plan  it  was 
necessary  to  pack  the  valves  with  some  material  softer  than  metal, 
on  account  of  the  irregular  fit  at  the  back  of  the  valve,  from  the 
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iiueqiial  wear  of  the  face  caiised  by  tbe  variable  pressure  to  which 
it  was  exposed.  The  valves  had  therefore  to  be  packed  with  a  flax 
gasket,  instead  of  a  metallic  packing,  but  in  the  new  plan  metalUc 
packing  might  be  used,  in  consequence  of  the  valve  being  balanced, 
and  the  brass  packings  that  had  been  tried  had  been  found  to 
answer  well. 

The  Chairman  observed  that  he  had  experienced  the  difficulty  of 
keeping  the  packing  tight  in  the  ordinary  D  valve,  and  this  difficulty 
would  not  attend  a  valve  that  was  fully  balanced. 

Mr.  Shelley  asked  whether  the  valves  could  be  repacked 
without  taking  them  out. 

Mr.  Waddell  said  that  there  were  modes  of  doing  so,  but  it  was 
not  necessary  in  general  to  make  any  provision  for  this  purpose,  as 
the  valves  were  usually  drawn  after  each  voyage  to  examine  the 
faces,  and  the  packing  was  renewed  at  the  same  time.  With  the 
ordinaiy  packing  the  unequal  wear  occasioned  by  the  variable 
unbalanced  pressure  caused  a  rocking  and  beating  of  the  valves  on 
the  bars  of  the  port,  when  the  packing  became  slack ;  even  in  small 
engines  the  knocking  of  the  valves  might  be  heard  by  placing  the 
ear  close  to  the  cylinder,  and  in  large  engines  it  was  heard  at  some 
distance.  The  defect  of  the  variable  pressure  was  less  apparent  in 
small  engines,  from  the  breadth  of  the  packing  strip  being  nearly 
equal  to  the  port ;  but  in  large  engines  the  area  exposed  to 
unbalanced  pressure  was  so  great  that  the  variation  in  the  total 
pressure  became  very  serious.  In  the  ordinary  D  valve  the  pressure 
was  balanced  between  the  ports,  but  the  portion  opposite  the  ports 
was  left  unbalanced,  and  this  unbalanced  pressure  had  not  been 
perceptible  with  low  pressure  steam,  but  when  high  pressure  steam 
was  introduced  with  very  large  valves  in  the  American  vessels  the  D 
slide  valve  had  to  be  abandoned  on  this  account ;  were  it  not  for  this 
circumstance  the  D  valve  would  be  more  economical  than  the  double- 
beat  valve.  It  should  be  observed  that  any  pressure  put  upon  the 
packing  by  the  pinching  screws  was  doubled  in  efiect,  by  the  valve 
having  a  rubbing  face  both  on  the  front  and  back. 

Mr.  Miller  enquired  whether  any  experiments  had  been  made 
to  ascertain  the  saving  in  the  power  required  to  work  the  valves, 
when  packed  in  the  new  manner. 

Mr.  Waddell  replied  that  in  the  screw  engines  of  the  "  Columbian," 
in  which  the  new  mode  of  packing  had  been  adopted,  there  had  been 
no  means  of  disconnecting  the  valves  to  try  them  fully,  but  they 
were  found  to  work  easily  with  the  hand-gear ;  there  could  be  but 
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Uttlo  power  required  to  work  tlium,  sineo  the  preBsure  between  the 
rubbinjj  faces  was  only  tlio  amount  necessary  to  prevent  the  Kteam 
from  blowing  throu|;h,  tm  in  the  cukc  of  piKionH  with  metallic  packing, 
and  it  wan  found  lliut  if  two  metal  surfaccH  were  well  trued  up,  a 
very  small  pressure  was  suHicient  to  prevent  the  steam  from  pene- 
trating between  them.  The  ordinary  packing  occasioned  a  deceptive 
impression  when  examined,  the  valvo  being  considered  tight  because 
no  steam  was  detected  blowing  thn»ugh  into  the  condenser,  when 
the  engine  was  stopped  for  examining  the  packing;  but  at  that  time 
the  valve  was  necessarily  in  the  middle  of  its  stroke  and  upon  the 
exhaust  bars  of  tlie  ports,  this  being  its  tightest  position,  in  which 
alone  the  ])acking  could  be  adjusted;  so  that  any  leakage  of  steam 
could  take  place  only  into  the  cylinder,  and  no  steam  could  escape 
into  the  condenser ;  but  as  soon  as  the  engine  was  put  to  work,  the 
steam  began  to  leak  through  into  the  condenser,  and  a  great  loss  of 
steam  took  place  when  the  bars  were  worn. 

The  Chaikman  enquired  what  power  was  required  to  work  the 
double-beat  valves  by  hand  in  the  large  American  steamers. 

Mr.  "Waddell  said  that  two  men  were  generally  required  to  each 
engine,  though  one  mnn  might  be  able  to  work  the  valves  if  well 
balanced,  unless  the  stems  were  packed  too  tight ;  but  it  was  found 
necessary  that  the  valves  should  not  be  too  nicely  balanced  in  area, 
otherwise  there  was  not  suflBcient  effective  weight  to  bring  them  fiiirly 
to  their  seats  when  the  vessel  was  rolling,  as  they  were  sometimes 
lying  at  an  angle  of  45°,  which  reduced  their  effective  weight  so 
that  they  would  not  fall  quick  enough.  The  objections  to  the 
double-beat  valves  and  the  D  valve  had  been  found  so  serious  in 
those  large  steamers,  that  in  the  engines  of  the  last  one,  the 
"Adriatic,"  a  new  kind  of  cock  valve  had  been  introduced  by  the 
makers,  Messrs.  Stillman  and  Allen. 

Mr.  Fenton  observed  that  a  similar  principle  had  been 
advantageously  applied  to  steam  hammers,  by  employing  a  cylindrical 
valve,  balanced  all  round ;  he  had  some  of  them  in  use,  and  they 
•were  working  satisfactorily. 

The  Chairman  asked  whether  the  area  of  the  bar  on  the  steam 
side  of  the  port  had  been  included  in  calculating  the  area  exposed  to 
unbalanced  pressure  in  the  ordinary  valve. 

Mr.  Waddell  said  that  the  area  of  the  steam  bar  and  also  of  the 
bars  at  the  ends  of  the  ports  had  been  taken  into  account  as  exposed 
to  the  pressure,  because  it  could  not  be  supposed  that  there  was  any 
steam  pressure  between  the  valve  and  the  bars,  otherwise  the  steam 
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■would  blow  throiigli.  If  the  bars  were  made  wider,  the  wear  would 
be  dimiuisbed,  by  the  increase  in  wearing  surface,  but  the  gain  would 
be  partly  neutralized  by  the  increase  in  the  total  unbalanced  pressure, 
and  this  difficulty  had  led  him  to  devise  the  new  mode  of  packing. 

Mr.  Wtmer  fully  concurred  in  the  statement  that  had  been  made 
of  the  wear  on  the  back  and  front  of  the  ordinary  D  valve ;  and  he 
considered  the  new  mode  of  packing  would  cause  a  great  saving,  if 
it  effected  all  that  was  stated. 

The  Chairman  mentioned  an  instance  that  had  occurred  lately 
under  his  OAvn  notice,  of  a  stationary  Qpgine  working  with  the 
ordinary  slide,  where  the  engineman  had  been  unable  to  stir  the 
valve,  and  had  been  obliged  to  get  a  long  lever  to  move  it,  involving 
a  risk  of  accident  from  the  difficulty  of  controlling  the  motion,  and 
a  serious  accident  might  be  occasioned  by  the  valve  sticking  in  this 
manner. 

He  proposed  a  vote  of  thanks  to  Mr.  Waddell,  which  was  passed. 


The  following  Paper,  by  Mr.  Alexander  Allan,  of  Perth,  was 
then  read : — 

ON  AN  BIPROVED   CONSTRUCTION  OF    LINK   MOTION 
FOR  LOCOMOTIVE  AND  OTHER  ENGINES. 

The  Link  Motion  used  for  working  the  slide  valves  of  locomotive 
engines  is  constructed  in  two  forms,  termed  the  shifting  link  and  the 
stationary  link ;  in  the  former,  the  link  is  curved  towards  the  axle 
with  the  radius  of  the  eccentric  rods,  and  is  shifted  up  or  down  to 
reverse  the  motion  of  the  slide  valve,  the  valve  rod  being  prevented 
from  moving  vertically.  In  the  stationary  link,  on  the  other  hand, 
the  link  is  prevented  from  moving  vertically,  and  the  valve  rod  slides 
up  and  down  in  it,  the  curvature  of  the  link  being  in  the  reverse 
direction,  with  a  radius  equal  to  the  length  of  the  valve  rod.  The 
action  of  the  valves  is  similar  in  the  two  cases,  except  that  with  the 
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Btationary  link  the  lead  of  the  slido  is  maintained  constant  nndcr  all 
degrees  of  expuusion,  whereas  with  the  bhifting  link  the  lead 
increases  a  little  as  the  degree  of  expansion  is  increased. 

The  improved  link  motion,  forming  the  subject  of  the  present 
paper,  is  shown  in  Plates  55  and  50,  and  is  in  efiect  a  combination  of 
the  shiftinc^  and  stationary  link  motions,  as  both  the  link  and  the 
valve  rod  are  moved  at  the  same  time,  but  in  opposite  directions. 

Figs.  1  to  4,  Plate  55,  show  the  new  link  motion  conjplete,  with 
eccentrics,  eccentric  rods,  and  valve  rod,  as  arranged  for  a  tank 
engine. 

Figs.  5  to  Ifi,  Plate  56,  show  various  forms  of  the  link  motion, 
the  reversing  shaft  being  placed  above  or  below  the  link  according  to 
convenience. 

On  the  reversing  shaft  A  are  forged  two  arms  B  and  C,  on 
opposite  sides  of  the  shaft,  the  front  arm  B  being  connected  with  the 
valve  rod  D,  and  the  back  arm  C  with  the  link  E,  by  means  of 
suspending  or  sustaining  links  in  the  ordinary  manner.  As  the 
arms  B  and*  C  are  on  opposite  sides  of  the  reversing  shaft,  the 
vertical  movements  given  to  the  valve  rod,  with  the  link  block  at  its 
extremity,  and  to  the  link  are  in  opposite  directions ;  and  their 
simultaneous  movements,  but  in  opposite  directions,  compensate  for 
the  curvature  of  the  ordinary  link,  and  consequently  a  straight  link 
is  substituted,  the  construction  of  which  is  simpler  than  that  of  the 
curved  link. 

The  front  arm  B  of  the  reversing  shaft  is  made  longer  than  the 
back  one  C,  in  such  a  proportion  that,  for  any  motion  of  the 
reversing  shaft,  the  link  E  and  the  eccentric  rods  move  through 
3-5ths  of  the  vertical  space  described  at  the  same  time  by  the  link 
block  and  the  valve  rod  D.  On  moving  the  gearing  out  of  the 
position  of  midgear,  shown  in  the  figures,  into  the  position  of  full 
forward  gear,  the  link  block  moves  upwards  through  a  distance 
of  2^  inches,  the  effect  of  which  is  to  give  the  valve  rod  an  obliquity 
that  is  equivalent  to  shortening  it  up  1-lOth  inch.  But  at  the  same 
time  the  link  moves  downwards  through  a  space  of  1|  inch,  and  the 
obliquity  of  the  forward  eccentric  rod  F  is  thus  diminished  to  aii 
extent  that  is  equivalent  to  lengthening  it  out  1-lOth  inch.     Thus 
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the  shortening  of  the  valve  rod  is  exactly  compensated  for  by  the 
lengthening  of  the  eccentric  rod,  and  the  valve  will  consequently 
remain  stationary,  causing  the  lead  to  be  unaltered.  Similarly,  when 
the  engine  is  thrown  into  the  position  of  full  backward  gear,  the 
same  compensation  takes  place  between  the  valve  rod  and  the 
backward  eccentric  rod  G,  and  the  valve  remains  stationary.  Hence 
it  appears  that,  as  far  as  regards  the  positions  of  full  forward  and 
backward  gear  and  of  midgear,  the  proper  form  for  the  link  must 
be  straight  instead  of  curved.  In  order  that  the  lead  may  remain 
constant  in  the  same  manner  in  the  intermediate  positions  of  gear, 
the  correct  form  of  the  link  ought  to  be  two  equal  curves,  concave 
towards  the  valve  rod,  having  their  extremities  in  the  same  sti'aight  line 
with  the  centre  of  the  link,  the  curvature  amounting  to  not  more  than 
about  l-32nd  inch,  for  the  dimensions  of  gearing  shown  in  Fig.  1. 
The  ei'ror  arising  from  making  the  link  straight,  instead  of  curved 
in  the  above  manner,  causes  therefore  a  total  variation  of  not  more 
than  l-32ud  inch  in  the  lead  of  the  valve,  and  the  lead  may  therefore 
be  considered  practically  constant,  at  the  same  time  that  the  straight 
form  of  link  has  an  advantage  in  simplicity  of  construction,  and  more 
especially  in  facility  of  repairs. 

The  vertical  movement  of  the  link  being  3-5ths  of  that  of  the  link 
block,  the  total  vertical  movement  of  the  link  in  reversing  is  therefore 
only  3-8ths  of  that  in  the  shifting  link  motion ;  and  the  vertical 
movement  of  the  valve  rod  and  link  block  is  6-8ths  of  that  in  the 
stationary  link  motion.  The  length  of  the  reversing  lever  is  thus 
proportionately  greater,  and  an  increase  of  power  is  obtained 
for  reversing ;  and  the  expansion  can  be  easily  regulated  with  the 
full  pressure  of  the  steam  on  the  valves.  For  the  same  reason  less 
room  is  required  for  the  gearing  than  in  either  of  the  ordinary  link 
motions,  and  the  boiler  may  be  placed  lower  on  the  frame. 

The  valve  rod  being  connected  to  the  longer  arm  of  the  reversing 
shaft  so  nearly  counterbalances  the  link  and  eccentric  rods,  which  are 
connected  with  the  shorter  arm  on  the  opposite  side  of  the  shaft,  that 
balance  weights  or  springs  are  dispensed  with,  and  the  total  weight 
on  the  reversing  shaft  is  thus  mnch  reduced ;  at  the  same  time  the 
torsion  to  which  it  is  subjected  is  also  much  diminished,  on  account 
of  the  diminished  length  of  the  arms.  The  entire  link  motion  is 
carried  by  the  weigh  shaft  alone,  and  no  suspending  rods  from  the 
boiler  or  framing  are  needed,  the  only  fixings  required  being  those 
of  the  reversing  shaft,  which  may  be  placed  above  or  below  the  link, 
according  to  convenience. 
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The  results  of  the  working  of  the  new  link  motiun  nrv  nhuwn  iu 
the  diiigraniK,  Pktu  57,  taken  from  a  GoodH  en^^ino  fitted  willi  the  new 
motion,  hnvini;  cyliuders  IG  inches  diumeter  and  22  inches  stroke,  and 
ii!m>  ill  t'  i;  froiu  which  it  appears  that   the   new 

nuiiicu  i>     .  iking,  having  a  practically  constant  lead, 

and  causing  a  nearly  equal  distribution  of  the  steam  in  both  ends  of 
the  cylinder  in  forward  and  backward  gear.  In  the  diagrams,  Plate 
57,  the  full  line  shows  the  distribution  of  the  steam  for  the  front 
stroke,  from  the  butler  plank  towards  the  fire  box,  and  the  dotted  liiio 
represents  the  distribution  for  the  back  stroke  in  the  opposite 
direction. 

An  improved  constraction  of  link,  adopted  by  the  writer  in 
connection  with  the  new  motion,  is  shown  in  Figs.  1,  3,  and  4,  Plate 
oo,  ;iad  consists  of  two  straight  rectangular  bars,  joined  together  by 
pitccs  bolted  in  between  them  at  each  cud;  each  bar  has  three  pivots 
formed  on  its  outer  side,  to  the  centre  pair  of  which  the  suspeudiug 
or  sustaining  links  from  the  reversing  shaft  are  jointed,  the  top  and 
bottom  pairs  tilting  in  the  eyes  of  the  eccentric  rods.  The  link 
block  tits  iu  between  the  bars  forming  the  link,  its  sides  being 
formed  with  flanges  so  as  to  grasp  the  bars  of  the  link,  and  the 
wearing  surfaces  of  the  block  are  lined  with  steel,  the  bars  of  the 
link  being  case-hardened.  The  block  is  made  in  two  portions,  Fig.  4, 
to  allow  of  readily  countcting  and  disconnecting  it  from  the  valve 
rod,  one  portion  being  formed  with  a  projecting  pin,  which  tits  into 
a  corresponding  hole  through  the  other  portion,  so  that  the  two 
parts  move  together  in  the  huk  in  the  same  manner  as  a  solid  block. 
Jiy  this  means  a  large  wearing  surface  of  all  the  working  parts  is 
obtained,  particularly  of  the  block  ;  and  when  worn  out  of  truth, 
the  link  may  be  ground  straight  again,  and  the  block  may  be  made 
up  by  inserting  a  small  strip  of  brass  or  tin  behind  the  steel  liners. 

The  link  and  block  may  also  be  made  in  the  same  manner  as  the 
ordinary  box  link,  as  shown  in  Figs.  5  to  8,  Plate  5(3 ;  but  the 
construction  above  described  is  preferable,  from  its  simphcity  and 
the  greater  facility  which  it  aflbrds  for  examination  and  reptiirs. 

Another  form  of  the  double  rectangular  bar  link  is  shown  in 
Figs,  y  to  12,  in  which  the  two  bars  forming  the  link  are  not 
connected  together  by  bolts  or  any  other  fastening,  but  the  link  is 
lefi  fijan  ;a  buth  tuds ;  the  block  is  made  in  two  portions,  Fig.  12, 
in  u  uiiiii.cr  -iUiilur  to  that  already  described,  and  is  retained  iu  its 
position  by  thinges  formed  on  the  bars  of  the  Hnk,  as  in  the  ordinary 
Ijox  link.  ,  L 
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The  constniction  of  link  preferred  by  tlie  M'riter  is  shown  in 
Figs.  13  to  16,  the  link  being  formed  of  a  single  rectangular  bar,  of 
about  2  ins.  x  2|  ins.  section,  Laving  eyes  at  top  and  bottom  to 
receive  pins  for  connecting  the  eccentric  rods.  The  block  is  made 
in  the  form  of  a  rectangular  frame,  Fig.  16,  surrounding  the  bar  and 
sliding  up  and  down  it,  and  packed  at  the  back  by  a  lining  strip  to 
allow  of  wear.  A  more  extended  wearing  surface  is  thus  obtained 
by  the  single  rectangular  bar  link,  giving  greater  durability,  and  less 
expense  in  maintenance. 

In  place  of  the  ordinary  reversing  lever  and  quadrant,  the  writer 
prefers  to  make  use  of  a  rack  H,  Figs.  1  and  2,  on  the  end  of  the 
connecting  rod  I  from  the  reversing  shaft,  gearing  into  a  pinion  on  a 
vertical  shaft,  on  the  top  of  which  is  the  hand  wheel  K.  By  this 
plan,  the  degree  of  expansion  can  be  regulated  with  greater  nicety, 
and  greater  power  is  obtained  for  reversing,  so  that  the  engineman 
may  do  his  shunting  without  shutting  oflF  the  steam.  The  rack  is 
held  securely  in  its  position  by  a  pinching  screw,  which  is  released 
by  a  treadle  L  acted  upon  by  the  foot ;  and  a  graduated  scale  or  rim 
may  be  attached  at  the  top  of  the  shaft,  in  connection  with  the  hand 
wheel. 

Four  engines  are  now  working  with  the  new  motion,  one  of  which 
has  been  at  work  for  five  months,  during  which  time  it  has  run 
10,000  miles  with  very  little  wear  of  the  motion ;  several  other 
engines  are  also  being  fitted  with  the  improved  motion. 


The  Chairman  regretted  that  Mr.  Allan  had  been  unexpectedly 
prevented  from  being  present ;  he  had  sent  two  models  showing  the 
working  of  the  new  motion,  one  full-size  and  the  other  half-size. 

Mr.  Fernie  had  seen  the  new  link  motion  at  work  at  Perth, 
and  thought  it  would  prove  very  satisfactory  in  working  and  a 
decided  improvement ;  the  movement  imparted  to  the  valves  was  as 
true  as  in  any  motion  he  had  seen,  and  the  reversing  was  effected 
with  greater  ease  than  in  any  other  motion  that  he  was  acquainted 
with. 

Mr.  Fenton  had  also  seen  the  motion  at  work,  and  in  his  opinion 
it  appeared  to  be  the  best  application  of  the  principle  of  the  link  that 
had  yet  been  made.     With  the  new  motion,  the  boiler  might  be 
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|tlui(.il  iilMMit  3  iijclu's  lowLi-  than  with  tiie  ordumry  link,  ftud  thui 
was  an  lul vantage  in  numy  engines  with  hirge  driving  wheelu,  where 
the  lowering  of  the  boilers  waj«  limited  by  the  clearance  of  the  link 
motion.  The  ease  of  reversing  \va«  remarkable  ;  the  reversing  lever 
might  be  held  by  the  hand  in  any  pusitiun  whilst  running  with  the 
steam  on,  owing  to  the  several  parts  of  the  motion  being  completely 
in  balance  with  one  another. 

The  CuAiitjJAN  a.sked  whether  he  had  seen  the  single  rectangukr 
bar  link  that  had  been  described. 

Mr.  Fexton  replied  that  ho  had  seen  only  the  straight  link  with 
double  bars ;  he  did  not  know  whether  the  single  bar  link  was  at 
work  yc't. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Allan  for  hia 
communication,  which  was  passed. 


The  Chairman  said  he  had  much  pleasure  in  informing  the 
Meeting  that  Mr.  Allan  had  presented  to  the  Institution  one  of  the 
models  uf  his  link  motion  which  had  been  exhibited.  He  hoped  that 
others  of  the  Members  would  follow  the  example,  by  presenting 
models  to  the  Institution,  so  as  to  form  a  valuable  collection  for  the 
use  of  the  Members. 

The  Chairman  announced  that  it  had  been  proposed  by  the 
Council  to  hold  an  extra  Meeting  of  the  Institution  in  Glasgow,  with 
the  view  of  extending  the  sphere  of  usefulness  of  the  Institution,  by 
establishing  periodical  Meetings  in  Glasgow  and  other  principal 
mechanical  towns  ;  and  he  hoped  that  every  exertion  would  be  made 
by  the  Members  to  procure  papers  for  the  occasion,  and  to  be  present 
themselves  at  the  Meeting.  He  thought  the  progress  of  the 
Institution  was  very  encouraging  for  the  last  year,  and  ho  fully 
anticipated  that  the  present  year  would  be  the  prelude  to  an 
important  advance ;  he  was  confident  of  the  result,  if  the  Members 
did  their  best  in  promoting  the  interests  of  the  Institution,  by  their 
personal  attendance  and  comnmnication  of  papere. 

The  Meetiusr  then  terminated. 
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PROCEEDINGS. 


July  30,  185G. 


Tho  Gknbiul  Meeting  of  the  Alombers  waa  held  at  the  house 
of  tho  Institution,  Newhall  Street,  Birmingham,  on  Woduesduy, 
3Uth  July,  185t3;    Sami'Sun  Lloyd,  Esq.,  in  tho  Chair. 

The  Miuates  of  tho  last  General  Meeting  were  read  by  tho 
Secretary,  and  were  confirmed. 

The  CuAiKMAN  announced  that  the  Ballot  Papers  had  been 
opened,  and  the  following  Now  Members  were  duly  elected : — 


uembbiis. 

Jamks  Allen,     .... 

William  Andkrson, 

Edwin  Bkay,      .... 

Theopuilus  Wood  Bunsing, 

Ambkose  Edmund  Butlkk, 

John  Dudgeon, 

William  Dudgeon, 

James  Eastwood, 

Joseph  Fkeeman,  . 

Frederic  Haywaud,    . 

Edward  Jeffreys, 

Richard  Laybourn, 

Alexander  Grainqeb  Linn,  . 

Charles  Mitchell,    . 

James  Newall, 

John  Suae  Peering, 

John  Pollard,       ... 

Frederick  Rouse, 


Manchester. 

Dublin. 

Leeds. 

Newcastle-on-Tyne. 

Leeds. 

London. 

London. 

Derby. 

Loudon. 

Worcester. 

Shrewsbury. 

Newport. 

Wisbech. 

Newcastle-on-Tyue. 

Hury. 

Hu:y. 

Leeds. 

Leeds. 

M 
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Louis  S.  Schmitthenner,       .         .  Birmingliam. 

Henry  Wheetley  Tyler,  R.  E.,        .  London. 

John  Waddington,         .         .         .  Leeds. 

Thomas  Waddington,         .         .         .  Leeds. 

Edward  Wilson,   ....  Dublin. 

Thomas  Yarrow,        ....  Arbroath. 

honorary  members. 
Henry  E.  Moss,         ....     Liverpool. 
Joseph  Pettifor,  ....         Derby. 
William  Singleton,  ....     Leeds. 


The  following  Paper,  by  Mr.  William  Waller,  of  Lincoln,  was 
then  read: — 

ON    THE    APPLICATION    OF    STEAM   POWER 
TO  AGRICULTURAL  PURPOSES. 

The  application  of  Steam  Power  to  Agricultural  Purposes, 
although  of  comparatively  recent  origin,  and  only  within  the  last 
few  years  attaining  a  really  practical  character,  has  now  become  a 
subject  of  great  importance,  and  is  attracting  much  attention,  both 
amongst  mechanical  engineers,  in  extending  and  designing  new 
and  improved  applications,  and  amongst  agriculturists,  in  availing 
themselves  of  the  valuable  and  important  aid  that  may  be  obtained 
from  the  new  power.  Rapid  strides  have  been  recently  made  and 
are  now  making  in  this  direction,  and  the  advantages  and  capabilities 
of  steam  power  in  many  of  the  mechanical  processes  of  agriculture 
have  been  remarkably  developed  by  the  active  proceedings  of  the 
Royal  Agricultural  Society,  and  by  the  competition  and  stimulus  to 
invention  resulting  from  the  annual  exhibitions  and  prizes  of  the 
Society.  These  have  led  to  so  rapid  an  improvement,  that  the 
portable  steam  engine  for  agricultural  purposes  is  now  brought  to  a 
high  state  of  perfection,  and  has  reached  such  a  high  degree  of 
efficiency  and  economy  as  to  rival  closely  many  of  the  best  examples 
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of  tho  larger  classes  of  on^nos,  notwithstanding  tho  diflUcuIties 
attomliiii,'  tin-  particular  circiunstanccR.     Tin  ♦  importance  of 

this  ivJiisH  of  i>i)j,'iiu'K  may  bi-  ilhistnited  by  ni'  •  that  fmm  one 

manafactory  alono,  that  of  Messrs.  Clayton,  Shuttloworth,  and  Co., 
i>f  Lincoln,  with  which  tho  writer  is  connected,  thoro  liavo  been 
turned  out  upwards  of  two  thousand  two  hundred  of  those  engines 
since  1845. 

Agricultunil  steam  engines  pn-jier  are  both  portable  and  fixed; 
but  those  in  use  on  "  holdings,"  or  belonging  to  tenant  farmers,  are 
generally  portable  ;  this  may  bo  accounted  for  in  several  ways. 

The  fixed  engine  would  be  attached  to  the  freehold,  and  as 
erroneously  supposed  to  become  the  property  of  the  landlord  under 
such  circumstances,  the  tenant  farmer  would  be  sure  to  prefer  the 
portable  engine. 

The  portable  engine  saves  the  cost  of  fixing  shafting  to  convey 
the  power  to  the  several  processes  carried  on  iu  the  steading,  being 
of  itself  readily  moved  from  place  to  place,  so  that  the  power  is 
applied  direct  to  the  various  machines.  Further,  the  cost  of  large 
barns  is  saved ;  for  in  many  cases  the  corn  is  threshed  and  sacked 
in  the  field  without  stacking,  and  the  com  is  carried  to  the  granary, 
while  the  straw  is  stacked ;  thus,  in  addition  to  the  cost  of  barns 
saved,  the  expense  of  stacking  and  afterwards  pulling  the  stacks  to 
pieces  for  the  purpose  of  threshing  is  also  saved.  On  small  fanus 
the  use  of  an  engine  is  only  temporary,  and  accordingly  another 
great  advantage  attending  tlie  portable  engine  is  that  a  farmer  may 
hire  his  power,  the  engine  being  easily  drawn  from  place  to  place ; 
hence  the  very  general  introduction  of  steam  power  into 
agricultural  pursuits.  The  concentration  of  the  work  into  a  general 
focus  is  not  necessary  with  a  portable  engine,  but  for  fixed  engines 
it  again  becomes  as  necessary  as  in  a  factory. 

The  portable  form  of  steam  engine  will  probably  still  bo  found 
the  most  eligible,  more  particularly  in  reference  to  the  further 
applications  of  ateam  power  to  euliivating  the  soil  and  reaping  the 
crops,  in  which  at  the  present  time  such  rapid  practical  progress  is 
being  made. 
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From  the  application  of  the  portable  engine  to  matters  foreign 
to  agriculture  much  benefit  has  been  derived  ;  but  it  is  proposed  to 
limit  the  present  paper  to  the  consideration  of  the  engine  itself,  and 
to  reserve  to  a  supplementary  paper  the  application  of  steam  to 
agriculture  in  its  detail ;  the  latter  embracing  the  cost  of  steam  as 
compared  with  horse  or  animal  power,  together  with  the  greater 
certainty  and  expedition  of  the  result,  and  also  the  probable  ultimate 
use  of  steam  in  this  direction,  with  the  necessity  that  exists  for  such 
an  extended  use  of  it  as  shall  put  agriculture  on  the  same  footing  as 
manufactures  generally.  It  has  been  well  observed  that  theoretically 
our  modern  agricultural  practice  is  as  much  a  manufacture  as  the 
spinning  and  weaving  of  cotton,  or  the  smelting  and  puddling  of 
iron.  The  farmer  in  his  character  of  food  producer  has  the  same 
right  to  be  termed  a  manufacturer  of  grain  and  meat,  as  the  owner 
of  the  factory  in  his  connection  with  the  production  of  clothing 
from  the  raw  textile  materials  which  he  works  up. 

There  is  some  doubt  as  to  who  made  the  first  portable  engine. 
Mr.  Dean,  of  Birmingham,  made  an.  engine  in  184-1,  a  description 
of  which  is  given  afterwards ;  and  in  the  same  year  Messrs.  Howden, 
of  Boston,  made  one,  which  was  exhibited  at  the  Wrangle  Show  of 
the  Lincolnshire  Agricultural  Society,  in  October,  1841.  The  latter 
was  called  a  six  horse  engine,  and  had  one  cylinder,  8|  inches 
diameter,  placed  vertically  on  the  boiler,  which  had  two  fire  flues 
and  one  return  flue ;  and  the  writer  understands  that  it  is  still  at 
work  driving  a  scoop  wheel  in  the  Lincolnshire  fens.  With  whom 
the  idea  originated  he  is  unable  to  learn ;  but  in  1839  the  late 
Mr.  Wingate,  of  Hareby,  in  company  with  Mr.  Morton,  the  manager 
of  Earl  Ducie's  Whitfield  Experimental  Farm,  urged  Messrs.  Tuxford, 
of  Boston,  to  design  and  bring  out  a  portable  steam  threshing 
machine ;  whereupon  plans  were  made  and  working  models  got  out, 
but  the  subject  was  left  in  abeyance  till  1842,  when  this  firm 
produced  a  machine  having  the  engine  and  threshing  machine  on 
one  frame;  the  engine  was  placed  "horizontally  on  the  boiler  with 
a  rocking  movement,"  being  in  fact  an  oscillating  engine,  and  was 
called  "the  monkey  on  the  bear's  back."  Nineteen  of  these  steam 
threshing  machines  were  made  by  this  firm,  after  which  the  engine 
and  machine  became  distinct,  mounted  on  separate  carriages. 
Messrs.  Howden's  was  an  engine  only. 

With  the  early  attempts  of   other  makers   the   writer   is   not 
acquainted,  except  with  those  of    Messrs.  Clayton,   Shuttleworth, 
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and  Co.,  who  turned  (uit  tholr  firbt  ciij^inf  ii 
It  wjui  lilt  fight  horse  fiij^iiio  with  two  ohiidprK,  ' 
phicvd  horiioutiilly  on  the  boiler;  a  wood  framo  run  nlong  tlio 
Bides  and  acn.tK8  the  bnek,  8iip|K»rtii»g  a  double-fluod  boiler;  tho 
enink  8hftll  wtu<  fixed  on  tho  boiler  by  carriages  on  a  metal  framo, 
uiui  ti  second  shiift  gearing  iiiti>  the  cnink  hhiift  carried  tho  flywheel, 
and  was  supported  by  high  carriages  fnun  the  wood  frame;  tho 
guide  bars  wore  round  rods,  and  tho  slide  valves  wore  worked  by 
woighbars  on  tho  top  of  the  cylinders. 

This  firm  iniule  the  first  portable  engine  with  one  cylinder  placed 
horizontally  on  tho  firebox.  The  cylinder  was  cast  with  feet  or  lugs 
on  it,  and  was  carried  raised  above  the  firebox  by  wrought  iron 
stilts  or  supports,  and  tho  crank  shaft  worked  in  high  angular 
eiirriages;  but  in  all  other  respects  the  engine  was  similar  to  the 
inilinary  or  out*iido  cylinder  engine  of  the  present  day.  This 
engine,  the  pioneer  of  the  present  class  of  engines,  and  the  first 
engine  having  only  one  cylinder  (except  that  named  before  by 
Messrs.  Howden,  in  which  however  tho  cylinder  was  placed 
vertically  instead  of  horizontally),  was  made  in  October,  18+8, 
and  is  now  at  work,  the  property  of  a  friend  of  the  writer's,  in 
Norfolk. 

Since  1841,  when  portable  engines  became  a  fact,  there  have 
been  many  changes  in  form,  and  some  of  the  old  patterns  are  still 
adhered  to.  A  transition  stage  is  shown  in  Fig.  1,  Plate  58.  The 
peculiarity  of  this  engine  is  that  the  cylinder  is  fixed  on  a  bedplate, 
which  is  bolted  firmly  to  the  boiler,  and  receives  also  the  carriages 
of  the  crank  shaft;  between  these  an  opening  is  left  for  the  piston- 
rod  guide,  which  consists  of  a  bow  on  the  end  of  the  piston-rod, 
having  another  rod  at  the  extreme  end  of  the  bow,  working  through 
u  gland  in  the  chimney,  the  bottom  part  of  the  bow  resting  on  the 
barrel  of  the  boiler.  Inside  the  bow  works  the  connecting  rod,  about 
1  foot  7  inches  long  from  centre  to  centre  of  eyes  for  a  stroke  of 
10  inches.  The  engine  with  this  piston-rod  guide  was  made  by 
Mr.  A.  Y.  Barrett,  of  Horncastle,  in  1848. 

The  more  recent  portable  engines  present  many  varieties  of 
construction,  and  the  author  will  proceed  to  point  out  several  of  the 
principal  peculiarities.  The  performances  of  several  of  the  portable 
engines  while  under  trial  by  the  jud-^'es  of  the  Royal  Atrriculturul 
Society  are  given  afterwards,  with  a  description  of  the  dynamometer 
or  t«sting  machine,  and  a  few  points  of  essential  practical  diflerenco 
are  noticed. 
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In  the  poi'table  engine  by  Messrs.  Alcbin  and  Son,  of  Northampton, 
the  boiler  is  tubular,  and  a  chamber  is  formed  over  the  outside  firebox 
shell  to  receive  the  cylinder.  The  exhaiTst  steam  is  allowed  to  escape 
into  this  chamber,  and  is  then  conducted  by  a  pipe  to  an  external 
shell  encircling  the  boiler  barrel,  whence  it  passes  to  the  chimney. 
The  engine  is  of  simple  construction ;  the  piston-rod  guide  is 
formed  of  one  round  rod,  fastened  to  the  boiler  at  both  ends,  upon 
which  slides  a  socket  cast  on  the  crossKead  ;  the  crank  shaft  works 
in  cai'riages  fixed  on  a  casting  attached  to  the  boiler,  and  has  a 
single  overhung  crank  arm ;  the  pump  is  worked  from  the  crosshead, 
and  the  governor  receives  motion  from  a  chain  working  over  a  V 
pulley  on  the  crank  shaft  to  another  on  the  governor  spindle. 

Mr.  Richard  Bach,  of  Birmingham,  has  claimed  to  be  the 
original  maker  of  the  portable  engine  in  its  present  or  perfected 
form,  with  the  cylinder  bolted  on  the  outside  firebox  shell  by  feet 
ca&t  upon  it ;  the  guide  bars  are  fixed  at  one  end  to  lugs  on  the 
cylinder  cover,  and  at  the  other  to  a  guide  column  or  bracket 
attached  to  the  boiler  ;  the  crank  shaft  works  in  carriages  fixed 
on  a  saddle  casting  bolted  to  the  boiler,  and  the  boiler  forms  the 
frame  of  the  engine.  Prior  to  this  engine,  which  was  brought  out 
by  him  for  Messrs,  Clayton,  Shuttleworth,  and  Co.,  the  few  portable 
engines  in  use  were  very  heavy  in  their  consumption  of  fuel,  and 
the  gross  weight  of  the  machine  was  a  contradiction  of  its  portability. 
The  engines  now  made  by  Mr,  Bach  are  of  the  same  description 
as  above ;  but  the  writer  understands  that  a  modification  in  the 
application  of  the  portable  engine  is  in  progress. 

In  Mr.  Joseph  Barrans'  portable  engine,  made  by  Messrs. 
Hughes,  of  N'ew  Cross,  the  principal  peculiarity  is  in  the  boiler, 
which  is  formed  with  a  series  of  cup-shaped  recesses  over  the 
entire  heating  surface  of  the  firebox,  with  the  object  of  economizing 
space  and  weight,  and  increasing  the  rapidity  of  steam  generation. 

In  the  engines  made  by  Messrs.  Barrett,  Exall,  and  Andrewes, 
of  Reading,  the  firebox,  boiler,  and  smokebox,  are  all  in  the  same 
horizontal  line,  and  not  raised  one  above  the  other  as  usual ;  the 
cylinder  is  bolted  to  a  frame,  the  other  end  of  which  forms  a 
carriage  for  the  crank  shaft.  In  an  engine  exhibited  in  the  Great 
Exhibition  of  1851,  the  governor  was  attached  to  a  link,  varying 
the  grade  of  expansion,  instead  of  cutting  off  the  steam  as  in  the 
u.sual  plan  ;  but  the  link  and  gearing  connected  with  it  were  not 
applied  to  the  commercial  engines.  A  subsequent  form  of  engine 
by  these  makers  is  not  elegant  in  appearance,  but  its  construction 
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is  snppoHctl  to  bo  nttcmli'd  with  home  advautagcB ;  the  boiler  is 
otiveloped  in  uu  iron  cu-siuj^,  li'aviii{^  un  annular  Kpiice  all  ruuuil,  into 
which  the  heated  air  is  turned  after  leaving  the  tubcK,  and  pasKing 
aloii^'  the  whole  of  the  outside  of  the  boiler,  euvciopeH  the  cylinder 
and  is  carried  off  by  thocliiuuiey  immediately  above  it  ;  an  expansion 
or  back  cut-otf  slide  is  provided,  and  the  feed  water  is  heated  by 
the  exhaust  steam.  In  a  third  example,  the  peculiarities  of  both 
the  other  two  are  discarded;  the  firebox  and  boiler  are  in  the  same 
line  at  the  top,  and  the  cylinder  is  placed  on  the  firebox  ;  the  boiler 
forms  the  frame  of  the  engine,  and  the  crank  shaft  is  carried  on 
brackets  bolted  to  the  boiler,  the  pump  being  brought  near  to  the 
cud  of  the  shaft ;  the  stop  valve  is  in  the  steam  chest,  and  is  the 
old  American  or  draw-out  valve.  The  horizontal  fixed  engines  by 
Messrs.  Barrett  are  the  same  as  their  portable  engines,  only  placed 
on  a  bedplate  instead  of  being  on  the  boiler.  The  vertical  engines 
are  neat  firm  examples,  and  have  done  good  duty  at  the  trials. 

The  commercial  engines  by  Messre.  Clayton,  Shuttleworth,  and 
Co.,  of  Lincoln,  have  been  distinguished  by  their  simplicity  and 
efficiency,  and  the  regularity  of  their  government,  the  latter  point 
having  been  specially  noticed  by  the  judges  in  the  engines  exhibited 
at  the  agricultural  shows.  In  the  old  engines,  the  cylinder  was 
unlivgged,  placed  on  the  firebox,  and  a  saddle  bolted  on  the  boiler 
supported  the  carriages  for  the  crank  shaft,  which  was  a  straight 
shaft  with  a  crank  arm  on  one  end.  This  was  superseded  by  lagged 
cylinders;  then  the  .saddle  gave  way  to  brackets;  the  crank  arm 
w  as  replaced  by  a  double  crank ;  and  the  present  class  of  outside 
cylinder  portable  engines  was  introduced,  having  a  compact 
arrangement,  as  shown  in  Fig.  2,  Plate  58.  The  old  butterfly 
valve  has  succumbed  to  the  slide  stop  valve ;  and  short  passages 
for  ports,  a  simple  slide  valve,  and  ample  heating  surfaces  with 
good  water  spaces  between  the  tubes,  tend  to  make  these  engines 
good,  durable,  and  economical. 

For  economy  however  the  class  of  engine  shown  in  Figs.  5,  C, 
and  7,  Plate  o9,  is  recommended.  The  first  engine  constructed 
on  this  plan  by  Messrs.  Clayton  carried  off  the  first  priz«  at  the 
Gloucester  Show  in  1858.  The  cylinder  is  enveloped  in  a  jacket, 
and  is  placed  in  the  smokebox  of  the  engine,  which  is  carried  up 
to  receive  it  above  the  top  of  the  boiler.  The  steam  circulates  in 
the  jacket  on  its  way  to  the  cylinder,  as  shown  in  Fig.  8,  Plate  00 ; 
and  the  outside  of  the  jacket  is  exposed  to  a  tempemture  of  about 
400°  Fahr.     As  the  pressure  of  steain  in  the  boiler  is  not  allowed  to 
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exceed  50  lbs.  on  the  squai'e  inch,  and  as  the  equivalent  temperature 
of  steam  at  this  pressure  is  about  300°  Fahr.,  it  is  fair  to  assume 
that  some  heat  will  be  communicated  to  the  steam  by  the  100 
degrees  difference  of  temperature  between  the  two  sides  of  the 
plate  of  metal  ^  inch  thick  forming  the  jacket ;  and  as  it  has  been 
proved  by  successive  experiments  that  this  class  of  engine  possesses 
a  clear  superiority  over  the  outside  cylinder  engine,  the  most  likely 
cause  may  be  found  in  the  super-heating  of  the  steam  in  the  manner 
described. 

Two  arrangements  for  guide  bars  are  shown  in  Figs.  9  and  10, 
Plate  CO.  That  shown  in  Fig.  9  is  for  two  single  guide  bars  and 
a  forked  connecting  rod ;  a  boss  is  forged  on  the  end  of  the  piston 
rod  and  is  bored  out  to  receive  the  gudgeon,  and  a  cross  pin  to  hold 
this  in  place  forms  a  connection  also  to  the  brass  guide  blocks.  In 
case  of  wear  the  brasses  are  packed  up  off  the  piston  rod  end  by 
means  of  thin  washers,  slipped  over  the  cross  pin,  and  inserted 
between  the  iron  and  brass.  When  it  was  wished  to  draw  the 
piston  out,  it  was  necessary  to  take  the  piston  plates  off  the  rod, 
and  as  this  was  a  serious  objection,  the  above  plan  was  succeeded 
by  the  other,  shown  in  Fig.  10,  where  four  guide  bars  are  used. 
The  packing  inserted  between  the  guide  bars  and  the  bearers  or 
lugs,  on  which  they  are  fixed  at  the  ends,  is  composed  of  washers, 
which  are  withdrawn  as  the  blocks  wear,  thus  keeping  the  piston 
rod  in  the  line  of  the  centre  of  the  crank  shaft.  The  crank  shaft 
is  seen  in  Fig.  6,  Plate  59,  and  is  formed  of  a  bar  of  round  iron, 
jumped  and  bent  in  moulds,  thereby  retaining  the  pile  or  grain  of 
the  iron  in  the  direction  of  the  pull  on  the  crank.  The  governor, 
shown  in  Fig.  12,  Plate  60,  is  simple  and  efficient,  the  lift  of  the 
slide  being  communicated  directly  to  the  throttle  valve  spindle, 
without  the  use  of  rods  or  links,  by  means  of  a  slotted  arm  which 
is  used  to  alter  the  speed  a  little  when  required  ;  the  governor  is 
driven  by  a  flat  leather  belt  from  the  crank  shaft,  instead  of  by 
V  pulleys  with  gut  or  chain,  which  are  found  to  slip  in  working. 
The  arrangement  of  tubes,  shown  dotted  in  Fig.  6,  Plate  59,  is 
new,  and  is  the  one  genei'ally  adopted ;  the  spaces  between  the 
tubes  are  made  gradually  to  increase  from  the  top  to  the  bottom, 
for  the  purpose  of  allowing  greater  space  for  the  deposit  from  the 
water.  For  places  where  the  water  is  bad  or  salt  the  tubes  are 
spaced  out  wider  apart,  as  shown  dotted  in  Fig.  7. 

The  portable  engines  by  Messrs.  Clayton  have  passed  through 
several  stages,  and  one  which  was  designed  for  the  Great  Exhibition 
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in  1^51  Imil  n  vortioni  hojlor  in  n  cnrriiigi',  with  a  vertical  oscillutin^ 
engine  tixeil  iu  the  cariiago.  The  horizontal  lixcd  engiuo  is  miulo 
aceordiug  to  two  arraugemuuta  ;  iu  iho  tintt  the  euginu  Im  raibod 
nbuvu  tho  bodpliito,  and  httts  a  plain  khuft  with  a  cruuk  arm,  tho 
guide  Lai's  aro  single,  and  the  pinnp  is  worked  I'roui  the  crohsheud  ; 
the  second  arrangement  is  with  a  planed  bedplate,  having  doublu 
guide  bars  and  the  improved  governor,  and  the  pump  is  worked 
from  an  eccentric  on  the  driving  shaft.  In  the  portable  engines  tho 
steam  and  exhaust  pipes  are  kept  out  of  sight  by  being  placed  iu 
the  boiler,  aud  in  tho  fixed  engiues  thoy  aro  kept  in  the  bedplate 
as  much  as  possible. 

Sir.  Alexander  Deau,  of  BIrmiugham,  has  beeu  noticed  previously 
as  bemg  the  tirst  who  made  tho  portable  engine,  or,  moro  correctly, 
tho  tirst  who  made  the  engine  portable.  His  first  engine  was  a 
single  vertical  6xed  engine  on  a  metal  frame,  with  a  vortical  boiler 
and  wheels  attached  to  tho  plate  or  frame,  and  double  engines  were 
also  made  of  the  same  kind ;  the  crank  shaft  was  carried  on  a  frame 
su2)ported  above  the  cylinders  by  columns ;  there  was  a  bow  on  the 
cud  of  the  piston  rod,  with  a  spindle  from  the  end  of  the  bow  to  a 
guide  working  iu  the  frame,  and  the  connecting  rods  worked  iu  these 
bows  down  again  on  to  the  cranks.  As  this  engine  was  meant  to 
supersede  horse  gear,  the  plan  usually  employed  for  conveying  tho 
power  from  horse  gear  to  the  machine  by  means  of  rods  aud 
universal  joints  was  here  also  adopted.  The  present  make  by  Mr. 
Deau  is  that  of  the  locomotive  boiler  with  a  horizontal  cylinder. 

The  engiues  by  Messrs.  Garrett  aud  Son,  of  Saxmuudham,  are 
made  with  Horton  and  Kendrick's  firebox,  which  they  consider  to  be 
moro  economical  iu  consumption  of  fuel,  stronger,  aud  less  liable  to 
wear  aud  tear  than  any  other,  and  thus  moro  suitable  for  subjection 
to  the  influence  of  bad  water.  By  introducing  vertical  or  oblique 
corrugations  into  the  inner  shell  of  the  firebox,  a  larger  surface  is 
exposed  to  the  action  of  the  heat.  The  smokebox  is  carried  down 
to  form  a  tank,  to  the  bottom  plate  of  which  is  fastened  the 
turuplate  for  the  small  wheels.  The  cylinder  is  provided  with  a 
steam  jacket  and  is  placed  on  the  firebox. 

In  the  engine  of  Messrs.  Hornsby  aud  Sou,  of  Grantham,  shown 
in  Fig.  4,  Plate  58,  the  cylinder  is  let  into  the  steam  chamber  over 
the  firebox,  the  outside  box  being  carried  up  to  receive  it.  The 
earlier  engines  were  made  with  a  return  crank  shaft,  but  lately  the 
plan  has  beeu  altered  to  tho  old  method  of  haviug  a  crank  arm  on  a 
straight  sliafl,  aud  the  boiler  is  now  made  iudeuted  to  allow  the 
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crank  and  connecting  rod  end  to  clear.  Among  the  chief  points 
worthy  of  notice,  besides  the  position  of  the  cylinder,  may  be 
mentioned  the  manner  of  adjusting  the  wear  of  the  guide  blocks, 
which  is  effected  by  means  of  lock  nuts  acting  upon  a  screw,  the 
blocks  or  slide  pieces  resting  on  these  nuts,  as  shown  in  Fig.  11, 
Plate  60 ;  the  tubes  also  are  arranged  in  a  peculiar  manner,  being 
set  in  a  semicircle,  following  the  curve  of  the  boiler,  as  shown  in  Fig. 
18,  Plate  58.  The  pump  is  attached  to  the  base  of  the  chimney,  and 
a  heating  apparatus  for  the  feed  water  is  placed  in  the  smokebox. 
The  engines  have  proved  good  and  economical,  but  what  saving  can 
be  effected  by  placing  the  cylinder  in  the  steam  chamber  alone  is  a 
matter  of  doubt  with  the  writer,  excepting  only  that  effected  by 
preventing  condensation. 

The  number  of  prizes  carried  off  by  Messrs,  Hornsby  may 
perhaps  be  attributed  to  the  number  of  tubes  in  their  engines,  and 
also  to  the  enterprising  spirit  they  have  shown;  they  are  unwearying 
in  their  exertions  to  obtain  the  highest  possible  duty  out  of  the 
portable  engine,  and  the  writer  understands  that,  in  order  to 
determine  the  best  size  of  cylinder  for  a  certain  power,  they  have  had 
one  cast  of  great  thickness,  and  tried  it  at  various  diameters,  with  of 
course  one  fixed  length  of  stroke,  boring  it  out  after  each  series  of 
experiments,  and  thus  arriving  at  a  positive  result.  The  high  duty 
which  they  have  obtained  at  Paris  during  the  late  show  in  June, 
1856,  working  for  three  hours  on  a  dynamometer  with  3^  lbs.  of 
coal  per  horse  power  per  hour,  is  remarkable ;  in  this  experiment 
they  competed  successfully  with  the  English  prize  engine  of  1855,  by 
Messrs.  Tuxford,  and  considerably  exceeded  any  duty  previously 
obtained  by  themselves. 

The  engines  of  Messrs.  Ransomes  and  Sims,  of  Ipswich,  have  for 
many  years  stood  well  in  the  trials  of  the  Royal  Agricultural  Society, 
The  writer  believes  that  these  are  the  only  portable  engines  which 
have  the  centre  of  the  engine  in  the  centre  line  of  the  boiler.  The 
connecting  rod  is  shorter  than  that  of  the  other  makers  of  the 
present  day,  being  only  about  twice  the  length  of  the  stroke.  The 
turnplate  of  the  engine  is  spherical,  so  as  to  yield  to  any  obstruction 
or  unevenness  of  the  road,  and  the  "locking  gear"  is  made  convex 
on  the  underside,  so  as  to  allow  the  axle,  which  is  made  concave,  to 
fit ;  the  engine  is  thus  always  borne  upon  the  same  three  points,  in 
whatever  position  it  may  be  placed,  and  the  axle  is  free  to  move 
vertically  at  either  end.  The  7  inch  cylinder  has  a  stroke  of  11 
inches,  and  the  engine  makes  150  revolutions  per  minute.     Messrs. 
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Ransomes  hnvo  rIho  for  tho  lost  two  years  taken  the  prieo  for  the 
hist  fixed  ciij^ine,  toKt^d  in  tho  samo  way  a^  tlio  portahlo  engine,  and 
worked  by  tlie  boiler  of  tlio  Koyal  Aj^ricnltural  Society. 

Tho  engine  by  Metssrs.  Robey,  Scott,  and  Co ,  of  Lincoln,  shown 
for  the  first  time  at  tho  recent  Society's  incctinj^  at  ChelmBford, 
possosses  some  new  features.  Tho  firebox  has  u  water  space  all 
round  and  underneath,  as  in  Fij^s.  1-4  and  ir»,  Plate  08,  except  where 
n  door  is  placed  to  get  the  a.slics  out ;  the  object  of  this  is  to  carry 
the  sediment  from  the  side  water  spaces  into  the  space  immediately 
below  tho  fire,  and  thus  save  tho  firebox  plates.  The  firebox  is 
rounded  over  above  tho  firedoor,  as  in  Fig.  15,  and  slightly  so 
at  tho  sides,  thus  giving  a  freer  circulation  for  tho  water.  The 
arrangements  of  tubes  are  given  in  Figs.  14  and  15,  and  an  advantage 
aimed  at  in  the  former  plan  is  that  a  rod  can  bo  passed  down 
between  the  rows  of  tubes  to  stir  up  the  sediment  in  the  boiler. 

An  engine  by  Messrs.  Simpson  and  Barnes,  of  Manchester,  was 
also  exhibited  at  Chelmsford,  having  been  entered  by  Mr.  Chamberlain 
to  work  his  brick  machinery.  The  engine  is  somewhat  similar  in 
construction  to  those  already  described,  the  peculiarity  being  in  the 
boiler,  which  has  a  longitudinal  flue  containing  the  firebars  with  a 
bridge  at  the  back ;  a  smokebox  or  chamber  is  formed  at  tho  end,  of 
the  same  size  as  the  shell  of  the  boiler,  from  which  tubes  are  carried 
to  a  second  chamber  over  the  firebox,  above  which  is  the  chimney. 
The  objects  aimed  at  in  this  construction  are  to  gain  as  much 
heating  soi'face  as  in  a  firebox  boiler  at  less  expense  in  making,  and 
also  to  make  use  of  all  the  gases  evolved  from  the  fuel,  by  the 
increased  length  to  be  travci*sed  before  the  tubes  are  reached. 

Messrs.  Tnxford  and  Sons,  of  Boston,  have  been  referred  to 
before  as  being  early  in  the  field  with  the  portable  engine,  and  the 
general  make  of  their  engine  is  shown  in  Fig.  3,  Plate  58.  The  engine 
is  "  housed,"  or  placed  in  a  chamber  at  one  end  of  the  boiler,  and  is 
either  vertical  or  vertical  oscillating;  that  shown  in  Fig.  3  is  vertical 
and  fixed  in  the  house ;  the  crank  is  wide  in  the  jaw  to  receive  two 
connecting  rods,  one  of  which  works  at  each  side  of  the  c^'lindcr,  as 
shown  in  Fig.  10,  Plate  58.  The  engine  is  compact,  and  a  creditable 
piece  of  machinery,  but  somewhat  diflBcult  for  hands  inexperienced 
in  that  make  of  engine  to  get  at  so  as  properly  to  execute  repairs. 
I'he  objection  to  the  "housing"  of  the  engine  is  the  heat  of  the 
chamber,  which  acts  as  an  "anti-lubricator."  The  boiler  is  novel  in 
design,  being  a  combination  of  flue  and  tubes,  a  transverse  section  of 
which  is  shown  in  Fig.  17,  Plate  58.     Messrs.  Tuxford  carried  ofl' 


90  AGRICULTURAL   ENGINES. 

the  first  prize  at  the  Carlisle  Show,  beating  Messrs.  Clayton's  engine 
by  about  twenty  minutes,  and  the  next  by  more  than  thirty,  and 
obtaining  a  result  with  the  eight  horse  power  portable  engine  of  a 
little  less  than  of  lbs.  of  coal  per  horse  power  per  hour. 

The  engines  above  described  are  those  of  makers  most  extensively 
engaged  in  the  manufacture  of  agricultural  steam  engines,  or  whose 
engines  offer  any  marked  peculiarity;  but  another  plan  may  be 
noticed  that  is  applicable  to  them  all,  which,  though  not  strictly 
intended  for  agricultural  purposes,  possesses  a  recommendation  in 
the  great  safety  from  fire.  This  plan,  brought  out  by  Messrs,. 
Alexander  Chaplin  and  Co.,  of  Glasgow,  and  termed  by  them 
"forced  combiistion,"  consists  in  contracting  the  chimney  and 
forming  a  seat  for  a  valve,  which  is  raised  or  lowered  from  the 
outside  by  a  chain  or  rod  and  a  lever.  The  valve  may  be  made  of 
fireclay  or  other  material,  and  is  perforated  with  small  holes  sufficient 
to  keep  up  the  necessary  combustion,  all  the  heat  being  kept  in  the 
boiler.  It  is  not  stated  however  whether  any  saving  accrues 
from  the  adoption  of  this  plan.  The  action  of  the  flame  upon  the 
plates  in  the  boilers  of  Messrs.  Simpson  and  Barnes,  and  Messrs. 
Tuxford,  is  somewhat  the  same,  the  heat  being  kept  back  in  the  flue 
of  large  sectional  area,  in  consequence  of  the  smaller  area  of  the 
tubes.  A  simpler  plan,  by  which  the  draught  would  not  be  checked, 
would  be  to  carry  the  chimney  down  into  the  smokebox,  instead  of 
allowing  it  merely  to  rest  on  the  top  plate;  by  this  means  the 
carbonic  acid  gas,  the  product  of  perfect  combustion,  would  from  its 
greater  specific  gravity  be  carried  off  first,  leaving  the  hot  partially 
burnt  gases  at  the  top  of  the  box;  whereas  the  hotter  gases  are 
now  carried  off  first,  leaving  the  denser  portion  to  choke  the  draught 
through  the  lower  tubes.  This  plan  is  more  particularly  to  be 
recommended  from  the  fact  that  the  denser  portion  is  not  nearly  so 
hot  as  the  gases  evolved  anconsumed  or  unchilled  during 
combustion  by  coming  in  contact  with  the  tubes  or  tube  plate.  The 
plan  of  "  forced  combustion"  might  be  carried  out  partially  by 
merely  contracting  the  bottom  of  the  chimney. 

The  manner  in  which  the  engines  are  tested  by  the  judges  of  the 
Royal  Agricultural  Society  is  as  follows : — 

The  various  engines  are  entered,  declared  at  a  certain  power  at 
which  only  they  are  to  be  tested ;  thus,  suppose  an  engine  having  a 
5  ft.  flywheel  pulley  entered  as  an  eight  horse  power  engine,  running 
at  120  revolutions  per  minute.    Eight  stone  of  coal,  of  14  lbs.  to  the 
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stono,  with  a  certain  quajitity  of  wood  to  light  the  fire,  are  given  to 
tho  enginemnu,  who  has  pruviouhly  hail  the  engine  at  work,  and  run 
tho  steam  down  to  '2U  lbs.  or  20  lbs.  per  squuro  inch  pre8Hure,  us  tho 
case  may  be,  and  emptied  and  swept  out  tho  firebox.  The  fire  ia 
then  relighted,  and  the  steam  is  got  up  to  48  lbs.  per  s^juaro 
inch,  at  which  pressure  tho  engine  must  start.  The  dynamometer, 
shown  in  Figs.  ll>  and  lIO,  Plato  GO,  in  supposed  to  have  a  3  ft.  G  ins. 
belt  pulley,  and  a  4  ft.  G  ins.  wheel  with  u  friction  break  on  it ;  then 
tho  centre  of  the  pin  or  pointer  to  which  the  scale  is  attached  being 
2  ft.  7\  ins.  from  tho  centre,  equivalent  to  a  circumference  of  IG  5  ft., 
it  will  require  a  weight  of  1)3'33  lbs.  suspended  from  tho  pin  to  give 
the  desired  8  horse  power,  according  to  the  following  expression  : — 

9S$8  Ibt.  X  Ifl  S  ft.  circtuuf.  x  6  ft.  pulley  on  tngine  x  180  rett.  per  min.  _  oii.  ooo  Ibi  r»i   did 

S'&  ft.  pulley  on  ilvDaiiiuaieter  '      i,;_i.'. 

•^       '         •  nign  per  minuU;. 

Qftt  f\fU\ 

And  ' — : —  =  8  up  =  Uie  horse  power  of  the  work  done. 
S3,000  "^ 

The  engine  being  started  with  a  belt  connecting  the  flywheel  to 
tho  belt  pulley,  a  man  is  placed  at  tho  adjusting  screw  of  tho 
dynamometer  to  slacken  or  tighten  the  friction  blocks,  so  as  to 
keep  the  weight  exactly  in  balance  with  the  friction,  and  the  pointer 
in  a  line  with  the  centre  of  the  shaft,  during  the  whole  time  of 
working  the  engine.  The  number  of  revolutions  of  the  break  wheel 
is  regi.stered  on  a  counter  by  means  of  an  eccentric  on  the  shaft  of 
the  dynamometer,  shown  in  the  side  elevation.  Fig.  19.  It  is  the 
business  of  the  engineman  to  get  the  greatest  possible  number  of 
revolutions  out  of  the  engine ;  then  the  total  number  of  revolutions 
of  the  break  wheel  divided  by  ^.^'  gives  the  number  of  minutes 
of  duty  the  engine  has  done,  that  is,  the  number  of  minutes  of 
time  the  engine  would  have  taken,  if  it  had  made  aadhj  120 
revolutions  per  minute  during  the  entire  time  of  running,  ^  ^.^^'"^ 
being  the  number  of  revolutions  per  minute  of  the  break  wheel, 
corresponding  to  120  revolutions  per  minute  of  the  engine.  The 
minutes  of  duty  converted  into  hours  and  decimals,  and  divided 
into  the  14  lbs.  of  coal  supplied  per  horse  power,  give  the  duty 
performed  in  the  quantity  of  coal  consumed  per  horse  power 
per  hour.  Thus  at  the  Carlisle  Exhibition,  Mcssi-s.  Tuxford's  engine 
did  duty  3  hrs.  473  niins.,  or  3  8  hi-s.;  this  with  14  lbs.  of  coal  per 
horso  power  gives  3*7  lbs.  of  coal  per  horse  power  per  hour. 

The  following  Table  I.  gives  the  weight  in  pounds,  to  be  placed 
in  the  scale  of  the  dynamometer  shown  in  Figs.  10  and  2u,  for  each 
horse  power  from  4  to  10  horse  power,  at  intervals  of  10  revolutions 
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from  110  to  150  revolutions  per  minute  of  the  engine.  The  Table 
is  calculated  by  the  following  formula : — 

SP  X  33000  X  d 

w  = 

c  X  D  y.  n 

where  w  =  the  weight  in  lbs.  to  be  placed  in  the  scale  of  the 
dynamometer,  HP  =  the  horse  power  of  the  engine,  d  =  the  diameter 
in  feet  of  the  pulley  on  the  dynamometer,  c  =  the  circumference 
in  feet  corresponding  to  the  distance  of  the  pointer  carrying  the 
weight  from  the  centre  of  the  break  wheel,  D  =  the  diameter  in 
feet  of  the  driving  pulley  of  the  engine,  and  n  =  the  number  of 
revolutions  of  the  engine  per  minute. 

TABLE  I. 

Weights  for  Dynamometer. 


Kevolutions 

of  engine 
per  minute. 

4 

Horse 
Power. 

6 

Horse 
Power. 

6 

Horse 
Power. 

7 

Horse 
Power. 

8 

Horse 
Power. 

9 

Horse 
Power. 

10 

Horse 
Power. 

110 

lbs. 

50-90 

lbs. 

63-64 

lbs. 

76-36 

lbs. 

89-09 

lbs, 

101-80 

lbs. 

114-55 

lbs. 

127-28 

120 

46-66 

58-33 

70-00 

81-67 

93-33 

105-00 

116-66 

130 

43-08 

53-85 

64-61 

76-39 

86-16 

96-92 

107-70 

140 

40-00 

50-00 

60-00 

7000 

80-00 

90-00 

100-00 

150 

37-33 

46-67 

66-00 

65-33 

74-66 

84-00 

93-34 

The  following  Table  II.  gives  the  performance  of  the  first  and 
second  prize  engines  at  the  meetings  of  the  Royal  Agricultural 
Society  for  six  years,  1849,  1850,  1852,  1853,  1854,  and  1855,  and 
the  two  highest  at  the  Paris  Exhibition  of  1866,  showing  a 
progressive  increase  in  the  duty  obtained. 

TABLE  II. 

Duty  performed  by  Portaile  Agricultural  Engines. 


Year. 

Place  at  wbich  Show  was  held. 

Duty  performed. 

Coal  burnt  per  horse  power  per  hour 

while  doing-  the  work. 

First  prize. 

Second  prize. 

1849 
1850 

1852- 
1868 
1854 
1855 

Norwich 

Exeter 

Lewes 

Gloucester 

Lincoln 

Carlisle 

lbs. 

11-50 

7-56 
4-66 
4-32 
4-55    ■ 
3-70 

lbs. 

10-78 
7-77 
6-46 
4-82 
610 
4-05 

i       1856 

Paris 

3-60 

4-00 
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It  will  bo  rpmarkod  that  tho  duty  pcrformod  in  IR.^.?  is  higher 
than  that  in  185-1';  this  arose  from  tho  fact  that,  exclusive  of 
tho  14  lbs.  of  coal  per  horse  power  weighed  out  to  the  enginemeu 
to  gut  up  steam  and  run  the  cngini's,  they  were  allowed  to  fill  tho 
tirebnx  in  addition;  but  in  1854  this  pmctico  waa  stopped,  and 
tho  fireboxes  were  swept  out  to  prevent  any  advantage  in  this 
respect.  It  will  thus  be  seen  that  tlic  duty  represented  prior  to 
1854  is  more  or  less  fictitious. 

Table  III.  (appended)  gives  the  general  results  of  the  trials 
of  tho  portable  agricultural  engines  at  the  shows  of  the  Royal 
Agricultural  Society  for  tho  six  years  previously  named. 

Table  IV.  (appended)  gives  the  principal  dimensions  of  the 
portable  engines  exhibited  at  the  shows  of  the  Royal  Agricultural 
Society,  at  Lincoln  in  1854,  and  at  Carlisle  in  1855,  by  the  makers 
included  in  Table  III. 

Indicator  diagrams  taken  from  four  of  the  recent  portable 
engines  are  given  in  Figs.  21  and  22,  Plate  61 ;  in  each  case  the 
engine  was  working  with  an  8  horse  power  weight  in  the  scale  of 
the  dynamometer.  In  Fig.  21,  the  full  line  is  taken  from  an  engine 
with  a  cylinder  7  inches  diameter,  and  having  1^  inch  lap  of  the 
valve,  making  115  revolutions  per  minute;  and  the  dotted  line  is 
from  an  engine  with  a  cylinder  7  inches  diameter,  and  having  |  inch 
lap  of  the  valve,  making  150  revolutions  per  minute,  the  duty  being 
4-40  lbs.  of  coal  per  horse  power  per  hour.  In  Fig.  22,  both  the 
full  and  dotted  lines  are  taken  from  engines  having  a  cylinder 
So  inches  diameter,  and  |  inch  lap  of  the  valve,  with  an  additional 
back  cut-off  valve,  making  115  revolutions  per  minute  ;  the  engine 
from  which  the  dotted  line  is  taken  performed  a  duty  of  4*05  lbs.  of 
coal  per  horse  power  per  hour. 

In  the  several  engines  that  have  been  described  above,  some 
points  of  essential  practical  difference  have  been  alluded  to  in 
passing,  which  demand  a  more  special  consideration  ;  and  of  these 
the  cylinder,  as  one  of  the  most  important,  may  be  noticed  first. 

The  cylinder  is  in  some  cases  exposed  on  the  top  of  the  firebox 
untagged,  and  in  others  it  is  placed  in  the  same  position,  but  is 
covered  sometimes  with  lagging  and  sometimes  with  a  steam  jacket 
also.  A  cyhnder  felted  and  lagged  will  of  course  be  more  economical 
than  one  expo.sed  to  tho  atmosphere,  by  rendering  a\'ailablo  the 
steam  otherwise  lost  in  condensation.  Then  we  have  the  cylinder 
placed  in  a  chamber  in  the  smokebox,  over  the  firebox  or  at  the 
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opposite  end  to  the  firebox,  with  the  exhaust  steam  turned  into 
the  chamber.  Again,  the  cyhnder  is  placed  in  the  steam  chamber 
over  the  firebox,  increasing  the  size  of  the  steam  chamber  and 
consequently  the  area  of  the  plates  exposed  to  the  atmosphere.  In 
ot];er  engines  the  exhaust  steam  is  thrown  into  a  jacket  round  the 
cylinder ;  while  in  others  a  steam  jacket  is  provided  round 
the  cylinder,  thus  increasing  the  surface  for  condensation. 

A  further  improvement  gives  the  advantage  of  the  steam  jacket 
exposed  to  gases  at  a  higher  temperature  than  the  steam,  so  as 
to  prevent  any  loss  by  condensation,  and  to  gain  if  possible  by 
superheating  the  steam  on  its  passage  to  the  cylinder.  That  there 
is  a  possibility  of  a  gain  may  be  gathered  from  the  fact  that  steam  at 
a  pressure  of  100  lbs.  per  square  inch  has  a  temperature  of  342° 
Fahr. ;  and  at  a  pressure  of  60  lbs.  per  square  inch  a  temperature 
of  300°  Fahr.  ;  or  in  round  numbers  one  degree  gained  in  the 
temperature  is  one  pound  gained  in  the  pressure  on  the  piston, 
while  the  indicator  on  the  boiler  remains  unchanged. 

In  all  the  above  arrangements,  and  in  most  engines  of  modern 
make,  the  cylinder  is  placed  horizontally ;  and  although  there  can 
be  no  doubt  as  to  the  superior  durability  of  a  vertical  cylinder,  the 
latter  is  not  at  all  times  the  most  convenient  arrangement.  In 
one  make  of  engines  that  has  been  described  the  cylinder  is  placed 
vertically,  and  the  engine  is  housed  to  protect  it  from  dirt  and  grit ; 
in  this  respect  the  plan  is  an  improvement,  but  the  heat  of  thie  house 
or  chamber  is  too  great  to  admit  of  economy  of  oil  or  tallow,  and  the 
position  of  the  cylinder  below  the  water  line  of  the  boiler  is  certainly 
conducive  to  priming,  by  converting  the  steam  pipe  into  a  syphon. 

The  slide  bars  or  guides  are  made  either  single  or  double,  but 
whether  two  or  four  bars  are  most  economical  is  still  open  to 
discussion  ;  and  the  difficulty  of  getting  four  slide  bars  adjusted 
may  be  weighed  against  the  uneven  wear  of  the  double-ended  or 
forked  connecting  rod.  The  three  modes  of  adjusting  the  bars 
or  blocks  to  the  wear  are  noticed  above  and  shown  in  Figs.  9,  10, 
and  11,  Plate  60,  Another  plan  has  been  proposed,  having  one 
guide  only  fixed  on  the  boiler  independent  of  the  cylinder,  and 
therefore  liable  to  be  acted  upon  by  the  expansion  of  the  boiler. 
These  are  matters  of  detail,  and  the  last  plan  has  no  doubt  the 
advantao'e  of  easy  construction,  although  a  very  slight  derangement 
would  have  the  effect  of  throwing  the  connecting  rod  atwist. 

The  length  of  the  connecting  rod  most  economical  in  practice 
in  proportion  to  the  length  of  stroke  of  the  engine  requires  some 
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notice.  The  old  oiiffino,  shown  in  Fig.  1,  I'lato  58,  haa  a  connecting 
rtul  1  foot  7  inches  long  from  ceiUro  to  centre  of  cyan  for  a  stroke  of 
10  inches ;  more  modern  engines  have  a  rod  about  2  feet  long  for 
a  Ktroke  of  U  inches,  or  sometimes  lO  inches,  as  in  an  engine 
txhibitfvl  at  Lincoln,  while  somo  have  a  rod  as  mueli  iia  1  or  l\ 
times  the  length  of  the  stroke. 

The  crank  shafta  of  some  engines  are  madu  ui  u  btrai^j'iit  ijur 
with  collars  on  it,  having  a  crank  arm  keyed  on  at  the  end,  and  of 
course  c:.'  'V  their  power  only  from  one  end  ;  while  others  for 

greater  e  ce  have  been  made  with  double  or  return  cranks 

with  square  jaws ;  but  as  the  latter  are  forged  solid  and  then  slotted 
out,  the  pile  or  grain  of  the  iron  is  necessarily  cut  in  two.  A  simpler, 
and  in  the  writer's  opinion  a  stronger  shaft  i^  that  shown  in  Fig.  C, 
Plate  uO,  formed  of  a  bent  bar,  jumped  where  it  is  to  be  bent,  and 
brought  into  shape  in  a  mould,  the  pile  of  the  iron  being  thus  kept 
:u  the  direction  of  the  strain  exerted  in  the  pull.  It  is  worthy  of 
Ilk  that  in  the  .shafts  of  portable  engines  allowance  is  genenilly 
.  u-  for  the  expansion  of  the  boiler,  by  putting  collars  on  the  shaft 
at  the  journal  nearest  the  crank  ouly,  two  collars  being  made  to  the 
one  journal,  and  leaving  the  plain  shaft  to  pass  through  the  other 
bearing,  so  as  to  yield  to  the  expansion,  the  cylinder  going  with  the 
crank  and  the  bearing  at  that  end  of  the  shaft. 

In  the  governor  of  an  engine  the  complaint  is  generally  that 

when  most  required  it  is  of  least  use.     In  the  more  recent  engines 

the  pendulums  are  shorter  and  the  weights  increased  in  size,  and 

leather  driving  bands  are  used,  being  found  most  advantageous.     The 

throttle  valve  should  be  close  to  the  steam  chest  in  order  to  govern 

:.e  properly,  as  there  will  then  be  but  a  small  qtiautity  of 

-t  the  valve.     A  more  compact  arrangement  or  one  more 

leUcate  in  working  cannot  be  found  than  that  already  described  and 

shown  in  Fig.  12,  Plate  60. 

The  general  plan  of  boiler  for  the  portable  engine  has  tubes 
connecting  the  firebox  and  smokebox,  on  the  plan  of  the  locomotive 
engine  ;  the  lirebox  has  water  spaces  round,  and  the  crown  is  siayid 
with  cross  supports,  the  sides  also  being  held  to  the  plates  of  the 
outside  box  by  screwed  stays  rivetted  over,  or  with  nuts  on  one  or 
both  ends. 

The  arrangement  of  tubes  varies  with  diflerent  makers,  the 
old  and  common  plan  being  shown  in  Fig.  13,  Plate  58.  The 
arrangements  shown  in  Figs.  G  and  7,  Plate  59,  with  irregular 
spaces,  increasing  as  they  approach  the  bottom  of  the  boiler,  have 
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been  found  after  eighteen  months'  trial  to  answer  exceedingly  well, 
and  the  writer  believes  that  neither  of  these  plans  has  been  brought 
under  special  notice.  Other  arrangements,  except  that  shown  in 
Fio-.  18,  Plate  58,  are  in  tise  in  locomotive  and  marine  boilers.  Much 
doubt  is  still  expressed  as  to  the  best  way  to  arrange  tubes  for 
economy  of  woi'king  and  durability  of  the  tube  plate.  The  plan 
shown  in  Fig.  14  is  identical  with  the  old  plan  shown  in  Fig.  13, 
except  that  the  rows  of  tubes  run  vertically  instead  of  horizontally. 

An  important  feature  in  a  boiler  is  the  shape  of  the  crown  of  the 
firebox.  If  the  water  in  circulation  is  considered  to  take  the  form 
of  a  curve  from  either  side  of  the  box  on  leaving  the  plates,  it  would 
naturally  result  that  the  nearer  this  shape  is  followed  the  better 
effect  will  be  produced  ;  but  if  the  water  leaves  the  plates  abruptly 
and  rises  nearly  perpendicularly,  the  straight  side  may  be  continued. 
The  writer  believes  that  a-  firebox  rounded  on  all  sides  except  the 
tube  plate  would  allow  of  better  circulation  and  consequently  make 
more  steam  than  one  with  straight  sides.  Experiments  have  proved 
that  flame  will  pass  over  a  plain  flat  plate  without  imparting  so 
much  heat  as  when  a  number  of  studs  or  projections  impede  the 
progress  of  the  flame  and  conduct  the  heat  into  the  water  ;  this 
should  show  the  fallacy  of  attempting  to  obtain  a  high  duty  with 
very  smooth  firebox  surfaces.  Projecting  stays,  and  plates  bent  in 
an  easy  curve  to  the  tubes,  so  as  to  allow  a  free  passage  for  the 
flame,  seem  to  be  the  desideratum.  The  only  fireboxes  with  rounded 
plates  that  have  fallen  under  the  notice  of  the  writer  in  portable 
engines  are  that  shown  in  Fig.  15,  Plate  58,  and  that  in  the  Carlisle 
prize  engine.  The  ashpan  firebox,  or  closed  bottom  firebox,  shown 
in  Figs.  14  and  15,  is  said  to  cause  an  important  saving  of  fuel  over 
the  ordinary  plan,  but  further  experiments  are  necessary  to  prove 
the  exact  saving  effected.  In  the  boiler  shown  in  Fig.  1 7,  the  firebox 
has  a  semicircular  flue  with  a  flat  top  running  along  the  boiler,  the 
top  being  stayed  to  the  bottom  of  the  flue  by  a  midfeather  of  some 
length.  A  small  chamber  next  the  engine-house  receives  the  end  of 
the  flue,  as  well  as  the  tubes,  which  convey  the  smoke  and  gases  to 
a  second  chamber  at  the  firebox  end,  whence  the  chimney  passes  up 
through  the  steam  room  of  the  boiler,  carrying  the  smoke  away. 

Before  quitting  the  subject  of  the  boiler,  it  will  be  well  to  state 
that  in  those  racing  engines  by  which  the  highest  duty  has  been 
performed  in  1854  and  1855,  there  has  been  the  smallest  quantity  of 
water.  The  tubes  are  set  out  with  the  smallest  possible  water  spaces, 
and  the  barrel  of  the  boiler  is  nearly  filled  with  them  ;  the  area  of 
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tho  firo^'ruto  is  rciluccd  to  a  niinimuni,  tho  ooal  used  Ix-injf  Wolab 
and  rccjuiiiiig  Ichh  uir  lor  coiubuslion  thuu  any  otLer.  The  following 
extracts  from  tho  rcj>ort  of  tlio  judge  of  tho  North  Lincoln»hiro 
Agricultund  Show  nt  Boston  Iii8t  your  will  give  a  few  particulars  of 
the  two  enginoM  tried  there,  the  other  being  fur  behind. 

'*  Messrs.  Tuxford's  engine,  eight  horse  power  nominal ;  time  in 
getting  up  steam,  'J  hours  5  minutes;  coal  burnt  in  getting  up  steam, 
2i»-:J8  lbs. ;  coal  burnt  per  horse  power  j)er  hour,  4oi)  lbs.  Messrs. 
Tuxfoixl's  engine  worked  out  tho  best  duty,  giving  a  saving  of  44  lbs. 
of  coal  per  day  of  10  houra  " ;  but  it  is  added  that  tho  length  of 
time  in  getting  uj)  steam  more  than  counterbalanced  this  saving. 
"This  engino  contained  8U  tubes  in  tho  boiler,  of  2  inches  diameter, 
but  I'urnislied  with  ferrules  at  the  firebox  end,  reducing  their  internal 
diameter  to  1|  inch." 

"  Messrs.  Hornsby's  engine,  eight  hoi-se  power  nominal ;  time  in 
getting  up  steam,  535  minutes;  coal  burnt  in  getting  up  steam, 
3il7  lbs. ;  coal  burnt  per  horse  power  per  hour,  514  lbs.  Messrs. 
Hornsby's  boiler  was  furnished  with  Gl  tubes,  tapering  from  2|  inches 
diameter  in  the  smokebox  to  2  inches  diameter  in  the  firebox." 

The  coal  used  was  common  Yorkshire  coal,  such  as  is  generally 
used  lor  this  class  of  engine. 

Tho  benefit  of  the  prizes  given  by  tho  Royal  Agricultural  Society 
for  the  last  few  years  has  been  doubtful;  firms  have  been  at  great 
expense  to  construct  one  engine  which  should  perform  the  highest 
possible  duty  for  the  sake  of  getting  the  prize,  and  every  effort  has 
been  concentrated  on  this  one  object,  but  no  alteration  has  been  made 
in  the  general  or  commercial  engines.  The  farmers,  whom  these 
trials  were  meant  to  benefit,  are  no  gainers  by  them ;  the  racing 
engines  would  be  unsafe  in  their  hands  without  an  experienced 
engiueman,  owing  to  the  contracted  water  spaces  ;  and  although  the 
trials  may  tend  to  develop  the  results  of  careful  experiment  and 
mechanical  skill,  and  may  be  of  interest  to  the  mechanical  world,  yet 
they  are  not  of  any  use  to  the  agriculturist,  unless  tho.se  engines 
tried  at  the  shows  are  required  to  be  on  the  same  plan  and  similar 
in  every  respect  to  the  commercial  engine  of  the  same  firm.  The 
trials  of  the  Koyal  Agricultural  Society  of  England  ai*e  to  be  only 
triennial,  and  before  1858  we  may  expect  to  find  a  much  higher  duty 
than  wo  can  even  now  boast  of;  but  tho  fairest  way  would  bo  to  try 
the  commercial  engines  built  by  the  sevei-al  firms,  and  allow  no 
difference   to   be   made    unless   in   finish   and   painting.      The  real 
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■\voi-king  capabilities  would  then  be  tested,  and  farmers  and  the  public 
generally  -would  have  some  criterion  to  go  by,  and  the  trials  would 
prove  a  boon.  Such  is  now  the  case  with  mills,  threshing  machines, 
and  other  implements,  and  why  engines  should  be  excepted  from  the 
general  rule  it  is  difficult  to  say. 

The  variety  of  purposes  to  which  the  portable  engine  is  applicable 
is  very  great,  and  its  use  is  being  now  rapidly  extended. 

The  portable  engine  is  particularly  qualified  for  winding  light 
weights,  such  as  bricks  and  mortar  for  building  purposes,  by  means 
of  a  second  shaft  fixed  on  the  boiler.  By  being  placed  on  a  carriage 
it  has  also  been  used  to  work  one  or  more  crabs  for  pile  driving. 
The  portable  engine  was  pressed  into  the  service  of  our  country  to 
draw  stores  from  Balaklava  to  Kadikoi  in  the  Crimea,  until  the 
locomotives  were  sent  out;  it  worked  the  rope  which  supplied 
ammunition  to  the  front,  pumped  water  for  the  tx'oops,  and  was 
placed  on  the  deck  of  a  vessel  in  the  harbour  to  unload  vessels 
arriving  with  stores ;  it  proved  useful  in  war,  and  in  peace  its 
usefulness  is  continually  increasing ;  shod  with  an  endless  railway 
and  made  locomotive,  it  was  then  used  to  draw  the  guns  and  heavy 
ammunition  where  the  feet  of  horses  failed,  and  now  similarly 
harnessed  is  employed  to  plough  and  harrow  the  ground. 

The  portable  engine  is  yet  only  in  its  infancy,  but  has  been 
brought  on  fast  in  its  sphere  of  usefulness.  Among  the  most 
important  recent  applications  to  agricultural  purposes  are,  Willis's 
Farmer's  Locomotive  Portable  Engine,  Boydell's  Traction  Engine, 
Usher's  Steam  Plough,  the  various  cultivators  that  have  been  brought 
forward  to  till  the  soil,  and  the  several  plans  that  have  been  employed 
for  threshing,  dressing,  and  grinding,  &c.  The  transition  fi'om  the  use 
of  animal  power  applied  direct  by  treading  or  dragging  some 
instrument  over  the  full  ears  of  corn,  to  the  substitution  of  machinery, 
forms  an  important  and  interesting  subject,  with  the  advances  from 
the  various  "horse  gears,"  as  they  are  technically  called, to  the  gradual 
use  of  steam,  the  introduction  of  which  was  effected  against  prejudice 
aided  in  many  cases  by  the  insurance  offices,  some  of  which  refused 
altogether  to  insure  the  property  where  portable  engines  were 
allowed  to  work,  and  others  accepted  it  only  at  a  very  high  rate. 

In  regard  to  the  application  of  steam  power  to  the  tillage  of  the 
ground,  it  is  necessary  to  consider  the  manner  in  which  this  is 
practicable.     In  some  instances  it  has  been  attempted  to  make  the 
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oii^ino  torn  a  set  of  kiuTcH  or  breasts  similurly  Mha|KHl  to  tbofto  known 

us    "  hlii«lilU>nrtlH "    or  "  inouKUxmrtls "    in    i  '  \itHi    on   m 

rfv«»lviii^'  ilruni  drivfu  hy  the  CMif,'iiie;  in  oili«  .  pro|>oiUHl 

to  UHv  ]tluin  knivcM  to  cut  iit  a  fixfd  or  vuriitblr  dcpih  bvlow  ibo  drum 

r  roller  to  wbitli   they  aro  attached.     Sumu  have  tried  to  give  a 

tniight  vertical  motion  to  a  8|uido  or  set  of  di^^inj;  instruments, 

■.    -iiig   it   to  ent4<r  the    j^round   ii  certain  depth,   and   thin   tin  entl 

ii   'u>n  by  which  the  earth  iH  thrown  behind  or  merely  turned  over. 

Another  plan  put  in  practice  has  been  to  make  the  portable  engine 

locomotive,  dragging  a  frame  of  ploughs  and  harrowB  behind  it ;  this 

is  one  of  the  plans  now  competiuj;  lor  the  prize  of  Jl'^l'U  offered  by 

the  Koyal  Aj^ricultunil  Society. 

The  vital  point  in  the  application  of  steam  in  the  place  of  animal 
power  consists  in  the  following  essential  distinction : — the  horse  to 
give  out  his  power  effectively  must  move  at  a  slow  speed  and  in  a 
direct  line,  whereajj  the  engine  must  give  off  its  power  at  a  high  speed 
and  by  a  rotary  motion ;  or  in  other  words  the  quick  rotary  motion 
of  the  engine  must  be  converted  into  a  slow  direct  motion,  before  it 
can  be  apj)lied  to  pulling  ploughs  and  cultivators  as  at  present 
couhtructed  for  animal  power.  In  this  connection  also  arises  the 
question  whether  a  rotary  or  direct  motion  is  the  best  for  the  purpose 
to  which  it  is  sought  to  bo  applied. 

These  are  p»>int8  of  great  mechanical  importance,  and  attracting 
particular  attention  at  the  present  time;  and  may  perhaps 
be  considered  desirable  as  the  subject  of  a  further  paper  on  a  future 
occasion,  in  which  the  writer  will  be  happy  to  aid. 

If  the  present  paper  has  supplied  any  information  or  led  to  the 
expression  of  any  opinions  tending  to  advance  the  cause  of  mechanical 
engineering,  the  object  with  which  it  was  written  will  be  attained  ; 
and  the  writer  has  the  satisfaction  of  contributing  his  mite  to  the 
proceedings  of  the  Institution. 
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TABLE  III. 


Portable  Agricultural  Engines. 

Eesults  of  tJie  Trials  at  the  S7lo^vs  of  the  Royal  Agricultural  Society. 

Extracted  from  the  Reports  of  the  Judges. 


\                                                                   c 

Name  of  Maker.            i 
Z 

c 

a 

1                Duty  performed. 
,     Coal  burnt  per  horse  power  per 
hour  while  doing  the  work. 

Time  of  Raising  Steam 

from  cold  water  to  45  lbs. 

per  square  inch. 

1849 

1860 

1852    1853 

1854 

1855 

1849    1850  1 1852 

1853 

1854 

|l855 

lbs. 

... 
... 

... 
11-80 

10-78 

11-50 

14-00 

14-20 

lbs. 

10-55 
13-85 

7-77 

11-29 

7-66 

11-06 

lbs. 

11-45 
5-45 

8-40 
6-00 

9-90 
7-10 

605 
4-66 

9-50 
803 

11-90 
8-48 

lbs. 
9-73 

6-09 

13-53 
4-32 

6-79 

961 

4-82 

5-50 
9-07 

6-51 

lbs.  1  lbs. 

mins. 

41 
45 

63 
61 

92 

mins. 

81 
85 

43 

34 

39 

90 

mins 

361 
49 

41 
32 

69 
32 

47 
50 

50 
56 

35.J 

62 

mins. 
40 

41 

43 

47 

33 

45 
42 

229 
65 

44 

mins 
42 

39 

38 
39 

39 
40 

51^ 

47 

33 

mius. 
65 

44^ 
66 

44 
39 
55J 
66 

Bach  &  Co. 4 

519 

13-50 
5-62 

8-46 
4-55 

5-10 

4-42 

4-05 
8-08 

5-61 

4-84 

Barrett,  Esall.&Andrewes   4 

Ditto  e 

Ditto ; 

Batley 6 

Clayton,Shuttlewortli,&Co.  4 
Ditto   t 

Ditto  e 

Ditto   7 

Ditto  a 

Crosskill    6 

Garrett  &  Son 6 

Ditto  6 

Ditto  6 

Ditto  7 

Holmes  &  Son 4 

Ditto   0 

Ditto   6 

Ditto   8 

Ditto    9 

Ditto   6 

Ditto   6 

Ditto   7 

Eobey  &  Co 7 

12-28      ... 

1 
642           1 

Tuxford&Sons    4 

Ditto   4 

3-70 

Ditto   6 

Ditto  8 
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S ft' III' -I  of  the  livijal  / 
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lt*'s\dU  of  the  Trials  at  tho  Slfiri  of  the  livyal  Agricultural  Soei«iy. 
Exlr-'    >    ■' 


KanM  of  Maker. 


Alchin  A  Bon  

Bach  A  Co 

Barrett,  Exall,  k  Andre  we* 

Ditto  

Ditto    

BaUey 

CUjton,  8haulewortli,lCo. 

Ditto   

Diito   

Ditto  

Ditto   

CroaskiU    

Garrett  &  Bon 

Ditto   

Ditto   

Ditto   

Holmes  k  Son 

Ditto   

Homsby  k  Son  

Ditto   

Ditto    

Ditto   

RanAomee  k  Sims  .... 

Ditto   

Ditto   

Ditto   

Uobey  k  Co 

rnxfoni  k  Sons  

Ditto   

Ditto  

Ditto   


tj 

sst 

4fti 
M-0 

8T7 

M-6 

78-6 

U^ 

687 

... 

... 

42^ 
41-0 

107 
S3S 


SO-5 


2J-7 


17-5 


SOD< 


17-6 
17-6 


Ml    SIS 
19-1 


...    U^ 


M-9      ... 
SO-1    29S 


M-2 

ss-a 


Sl-4 

tt-l 


S8-6 


IBS 


18 -S 


18-a 

30-0 


36  X) 


345 


M7 


SO 

ao 

20 

ao 
ao 

ao 
ao 
ao 

ao 

ao 

ao 
ao 

ao 
ao 

ao 
ao 

ao 
ao 

ao 
ao 

ao 
ao 

ao 

ao 

ao 
ao 

ao 

ao 
ao 

ao 
ao 

ao 
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TABLE  IV. 

Dimensions  of  Portable  Agricultural  Engines. 
Extracted  from  the  Lists  of  the  Boyal  Agricultural  Society. 


Name  of  Maker. 


Alchinand  Son 

Barrett,  Exall,  and 
Andxewes    

Clayton,     Shuttle- 
worth,  and  Co. 


Ditto    

Ditto    

Crosskill 

Garrett  and  Son  .. 

Ditto    

Ditto    

Holmes  and  Son  .. 

Ditto    

Horns  by  and  Son... 

Ditto    

Ditto    

Ditto    .... 

Ditto    

Ransomes  and  Sims 

Ditto  .... 
Robey  and  Go.  . 
Tnxford  and  Sons 

Ditto    .... 

Ditto    .... 

Ditto    .... 


LINCOLN,  1854. 


ins. 

15 


12 
12 

12 
14 
10 
12 
14 
12 
14 
12 
■18 
14 
14 
14 
12 
10 
12 
10 
11 
12 
12 


Number  of 

Revolutions 

per 

minute. 


120 

130 

115 

115 

120 
110-130 
100-130 
100-130 

126 

126 

160 

95-110 

110-127 

110-130 

110-127 

160 

150 

120 

150 

142 

135 

135 


CARLISLE,  1855. 


2    fc 
5  §• 


12 
12 
12 
12 
14 

12 
14 


14 
14 
12 
11 

10 

12 
12 


Number  of 

Kevolutions 

per 

minute. 


110-120 
130 
130 
115 
120 

120 

100 


110-136 
110-136 

160 

150 

136 

135 
125 
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The  Chairman  considoretl  tboy  woro  much  indebted  to  Mr.  Waller 
for  hJM  intort'Htiuj;  iiud  vuluahlo  coiiimmiic«iti«tn,  the  pri'pnnttioii  of 
which  luUHt  huve  invulveil  no  little  tiiuu  uiid  trouble.  ThiN  wiui  the 
firvt  paper  that  bud  bceu  brou^^ht  beforo  the  Iiutitution  ou  the 
subject  of  hteuui  |H»\ver  an  applied  to  agriculture,  which  waa  one  of 
BUoh  iuiportanco  as  to  deservo  hpeeiul  cuUhiderutioii  ut  the  prescut 
time. 

Mr.  FoKSViM  remarki'ii  that  the  r.nluMt  date  that  had  bet-n 
ineiitionod  of  tl»o  portable  engine  wa.s  1 -:!'.•,  but  hu  remembered  an 
application  of  an  old  locomotive  engine  in  183H  hh  a  portable  engine  ; 
the  "  Met«?or,"  the  second  locomotive  of  the  Liverpool  and  MancheKter 
itailway,  wa8  sold  at  that  time  to  a  tenant  of  Lord  Whuruclifle,  tu 
work  on  a  colliery  near  lledcar,  where  it  was  employed  for  several 
purposes  in  place  of  horses. 

The  CuAiKMAN  thought  it  highly  probable  that  the  first 
iuiroduction  of  the  portable  engine  for  agricultural  purposes  wa« 
due  to  the  use  of  it  as  a  colliery  engine. 

Mr.  Walls K  said  that  in  considering  the  application  of  steam 
power  to  agricultural  purposes,  the  paper  had  been  limited  to  the 
portable  engine,  that  is,  an  engine  mounted  on  wheels  to  be  drawn  by 
liorses  from  place  to  place ;  and  as  far  as  ho  could  ascertain,  the  first 
portable  agricultural  engine  was  constructed  in  1831^.  He  had  found 
however  that  steam  power  had  been  employed  in  such  a  connection 
as  early  as  1790,  at  Trent  ham,  in  Staffordshire. 

Mr.  Chellingworth  had  noticed  considerable  variety  in  the 
modes  of  construction  of  agricultural  engines  ;  iu  many  instances 
cast  iron  had  been  substituted  for  wrought  iron  iu  several  jjarts  of 
the  engine,  for  reduction  of  cost  iu  coustruction,  and  Messrs.  liach, 
of  iiirmingham,  had  made  ci*auk  shafts  of  cast  iron,  but  he  believed 
they  had  been  found  objectionable,  as  their  weight  was  too  great, 
when  made  of  the  requisite  strength,  causing  the  engine  to  rock 
in  working.  He  undei-stood  that  Mr.  W.  Dean,  of  Birmingham, 
was  constructing  an  engine  on  an  improved  principle,  in  which  the 
cylinder  was  placed  in  the  smokebox,  exposed  to  the  waste  heat  from 
the  fire,  and  not  surrounded  by  a  jacket. 

Mr.  Allen  enquired  what  the  pressure  of  the  steam  was  in  the 
earlier  agricultural  engines,  and  what  pressure  was  now  generally 
employed.  Ho  further  enquired  what  pressure  Mr.  Waller's 
cxpc-neuce  had  led  him  to  believe  the  most  economical  in  practice  ; 
and  also  what  degree  of  expansion  he  would  recommend.  He  behoved 
Mr.  iiethoU,  of  London,  was  making  engines  intended   to  work  at 

I' 
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150  lbs.  pressure  per  square  iiicb.  The  results  obtained  from 
engines  were  imperfect  in  point  of  economy,  unless  a  high  pressure 
of  steam  were  employed,  with  a  corresponding  degree  of  expansion. 

Mr.  "Waller  replied  that  45  lbs.  per  square  inch  was  the  pressure 
first  fixed  by  the  Royal  Agricultural  Society  ;  if  during  a  trial  the 
pressure  fell  below  38  lbs.  per  square  inch,  the  engine  could  not 
maintain  the  speed,  and  either  was  stopped  till  38  lbs.  pressure  was 
reached,  or  had  so  much  time  in  excess  of  duty  ;  and  if  the  pressure 
rose  above  48  lbs.,  the  engine  was  made  to  blow  off  by  raising  the 
safety  valve,  causing  a  loss  of  steam  and  waste  of  fuel  in  either  case. 
The  limit  of  pressure  was  now  fixed  at  50  lbs.  per  square  inch,  but 
he  thought  it  might  be  increased  to  about  70  lbs.  or  75  lbs.  to  obtain 
the  most  advantageous  results.  He  believed  Mr.  Bethell  was  aiming 
at  a  pressure  even  as  high  as  200  lbs.,  but  this  involved  the 
necessity  of  heavy  machinery  and  a  superior  engineman,  and  it  was 
not  desii'able  in  ordinary  farm  work  to  have  anything  beyond  the 
management  of  a  common  labotirer. 

The  portable  agricultural  engine  was  in  many  respects  similar  to 
the  locomotive,  but  there  were  several  important  distinctions  that 
might  be  mentioned,  particularly  the  removing  of  the  gearing  to  the 
top  of  the  boiler,  and  placing  it  entirely  outside  ;  also  the  position  of 
the  cylinder  in  the  upper  instead  of  the  lower  part  of  the  smokebox. 
The  position  of  the  cylinder  in  the  smokebox  had  already  been 
claimed  as  an  original  invention  by  several  parties,  but  the  idea  was 
evidently  taken  directly  from  the  general  type  of  the  locomotive 
engine,  and  could  not  properly  be  claimed  by  any  one  at  the  present 
day.  With  regard  to  the  use  of  cast  iron,  to  which  allusion  had 
been  made,  it  had  been  laid  down  as  a  principle  by  the  Royal 
Agricultural  Society  that  wrought  iron  should  be  freely  used 
whex'ever  practicable,  and  always  in  preference  to  cast  iron. 

Mr.  Allen  noticed  that  in  several  of  the  drawings  of  boilers  that 
had  been  exhibited,  the  tubes  had  been  shown  set  at  a  greater 
distance  apart  in  the  lower  than  in  the  upper  rows ;  but  he  thought 
it  was  generally  considered  preferable  to  have  the  wider  spaces  at 
the  top,  in  order  to  favour  a  free  escape  of  steam,  the  steam 
generated  at  the  lower  tubes  having  to  pass  upwards  between  the 
ujJiDer  tubes. 

Mr.  Waller  explained  that  in  agricultural  engines  the- converse 
view  of  the  question  was  taken,  and  it  was  argued  that  the  lower 
tubes  should  be  wider  apart  to  allow  of  a  free  deposit  of  mud,  the 
mud  separated  at  the  upper  tubes  having  to  pass  down  between  the 
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lower.    Thut  arrtBgement  wm  ni*c(MMiitaietl  by  the  tlirtr  water  ommI 
for  the  eugino*  by  farmers,  who  fn^j 
tht»    boiler*   wore  ftul    wiih    ihi*    \n 

oanaing  oA«n  the  acoumulutiou  uf  a  maM  of  mud  after  a  few  hour*' 
work  ;  he  hail  (iwn  an  iiiHtaiice  whero  tlio  firubox  wa«  '  ■  '-  ■  "t 
with  leait  thaii  kIx  uiouthH*  work.  In  tho  earlier  a;:: 
•nf^iiiM  the  apaci'M  botwceu  the  tubcH  liatl  boon  made  unitonn,  lu 
accordance  with  the  ordinary  practieo,  and  tho  wider  apacoH  between 
the  lower  tubes  wero  tintt  introduced,  he  believed  by  MoMtrs. 
Clayton  in  1854,  in  ct"  ■  o!'  the  bmekihh  witt«  • 

neijjhbourhood  of  Ho.s!  in  the   fenn,  and   the   j  n 

adopted  in  euf^iuoa  intended  for  other  parts  of  the  country  also.     In 
•       .  tl  enpines,  the  BUialleBt  dihtance  between  the  tuln-H  was 

i.i'h  clear  between  the  tiilx*H,  or  1  inch  wliere  it  was 
intended  to  use  salt  or  bnickish  water ;  and  tluK  Hpiiee  wnn  increased 
in  many  engines  to  1|,  Ij,  and  IJ  inch  in  the  lower  rows,  the  uiiual 
space  in  the  upper  row  being  about  J  inch. 

Mr.  Siemens  conhidered  that  tho  performances  of  the  portable 
engines  that  had  been  btuted  pre8ente<l  results  surpassing  th(>se 
obtained  from  either  marine  or  stationary  engines,  excepting  the 
Cornish  engines,  where  however  the  jjconliar  circumstances  attending 
the  working  of  the  engines  gave  them  special  advantagt^  over  all 
other  clasHes  of  engines.  The  remarkable  performances  of  portable 
engines  that  had  beon  amiounced  at  the  various  competition  trials 
appeared  however  to  have  been  obtained  from  racing  engines, 
and  there  were  several  important  differences  between  racing  and 
commercial  engines,  which  it  was  necessary  to  bear  in  mind  in 
considering  the  published  statements  of  duty.  In  the  racing  engines, 
the  moving  parts  were  all  made  with  a  view  to  exti. 
and  great  care  was  taken  to  diminish  friction  tu>  mu' 
simple  pistons  without  packing  were  accordingly  used,  and  a  greater 
number  of  thin  and  close  packed  tubes  in  the  boilers.  In  some  of 
the  engines  that  had  been  noticed,  the  cylinder  was  placeil  in  the 
smokebox,  im>tead  of  on  the  back  of  the  boiler,  and  the  heated 
atmosphere  to  which  it  was  in  this  manner  exposed  would  certainly 
cause  the  steam  to  bo  superheated,  and  be  advantageous  in  preventing 
condens!'.'  in  tho  passage  to  '^  ler. 

The    <  lit    the    results    « !  hy   the   racing 

engines  were  remarkable,  considering  the  difficulties  thai  had  to 
be   encountered,    rivalling   as    they    did    the    perfon     "  f    the 

Cornitth  cugiuo.     In  many  of  them  it  ap|>carul  thui  .  4,  or 
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4|  lbs.  of  coal  per  horse  power  per  hour  were  consumed,  and 
ordinarily  5|  or  G  lbs.  were  sufficient.  The  consumption  of  the 
commercial  engines  would  however  be  above  these  amounts,  and 
he  enquired  what  results  were  generally  obtained  in  commercial 
engines. 

Mr.  Waller  replied  that  7  lbs.  per  horse  power  per  hour  of  ordinary 
hard  Yorkshire  coal  was  generally  required  by  commercial  engines, 
including  raising  steam  and  leaving  a  margin  for  contingencies.  At 
the  trials  of  the  racing  engines,  Welsh  coal  was  supplied  to  them, 
of  which  a  less  quantity  would  be  sufficient  than  of  Yorkshire  coal ; 
he  did  not  know  exactly  their  relative  evaporating  value,  but  in  an 
experiment  with  one  of  the  racing  engines  3f  lbs.  per  hour  of  Welsh 
coal  had  been  found  equivalent  to  4|  lbs.  per  hour  of  the  Yorkshire 
coal.  The  high  duty  that  had  been  noticed  could  be  obtained  only 
from  racing  engines,  and  the  makers  would  not  dare  to  issue  such 
engines  for  actual  working,  on  account  of  the  great  risk  in  working 
them,  and  the  need  of  an  experienced  engineman  to  attend  to  them. 
In  some  of  the  latest  racing  engines,  the  water  space  round  the 
tubes  had  been  reduced  to  less  than  j  inch,  the  tubes  being  made 
very  thin  at  the  same  time,  and  at  the  sides  of  the  boiler  the  tubes 
were  placed  as  close  to  the  shell  as  the  rivet  heads  would  allow,  with 
only  f  inch  for  the  water  space  even  at  the  bottom.  In  a  boiler 
2  feet  6  inches  diameter  there  had  been  89  tubes,  2  inches  diameter  ; 
and  in  another  boiler  2  feet  8  inches  diameter  the  number  of  tubes 
was  61,  and  their  diameter  2|  inches,  while  another  was  made  with 
41  tubes,  3j  inches  diameter,  leaving  not  much  water  space  in  either 
case. 

Mr.  Greaves  remarked  that  it  was  desirable  to  register  the 
quantity  of  water  evaporated,  as  well  as  the  amount  of  coal 
consumed,  in  order  to  form  a  correct  estimate  of  the  performance  of 
the  engine,  and  for  this  purpose  it  would  be  advisable  to  attach  a 
meter  to  the  feed  pump  of  the  engine.  He  had  adopted  this  plan 
for  some  time  at  the  engines  of  the  East  London  Water  Works,  and 
found  it  gave  much  useful  information ;  a  little  more  than  1  gallon 
of  water  was  evaporated  by  1  lb.  of  Welsh  coal  or  coke,  and  the 
consumption  was  2|  lbs.  of  coal  per  horse  power  per  hour,  reckoned 
on  the  water  actually  lifted. 

The  Chairman  thought  that  the  present  limit  of  50  lbs.  pressure, 
fixed  by  the  Royal  Agricultural  Society,  could  not  remain  the 
maximum  for  long;  the  progress  that  was  being  made  in  other 
classes  of  engiaes  by  the  use  of  higher  pressures  would  induce  an 
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altwmtion  in  th««  rns.-  •'(  m-'  lur  of 

prMMun-  liii'l    >    •  .iiij-  ixtii  .,  _  r-  of 

enineiu. 

}\v  (.i'M'rvf.i  that  pwat  tronblo  had  eyidcutl)  ik.  n  tan.  ii  n  me 
prv{iunilutii  of  tlio  vuiualtlu  mul  iutorentiii^  |ui{H<r  tliut  ht%d  Im-«<ii 
rMul,  aiui  muvoil  n  vuUi  uf  tlmiikH  tu  Mr.  Waller,  which  wum  |tti»M'd, 
exprttiii>in((  the  hupo  that  the  bubjuot  wuuld  he  cunttiiufd  in  a 
•upplvmuutMry  pa]>cr  on  thu  upphcatiou  of  Mteum  |x>wur  to  tho 
Tariouji  muchiuvii  eiupluyi.*d  fur  ag.'icuhurul  purpoHeti. 


The  following  Paper,  by  Mr.  Thomaa  Forsyth,  of  Manchester, 
was  then  read  : — 
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DESCRIPTION  OF  A  DOUBLE  TRAVERSING  DRILLING 
AND  GROOVING  MACHINE. 

The  macliine  described  in  the  pi-esent  paper  has  been  designed 
for  the  pui'pose  of  extending  the  facilities  and  advantages  of  machine 
work,  in  shaping  and  sinking  recesses,  cutting  out  keyways  or  other 
holes,  and  various  similar  kinds  of  work,  and  consists  of  a  compound 
drilling  machine,  having  a  self-acting  double  traversing  motion,  and 
a  peculiar  arrangement  of  tools,  adapting  it  to  various  forms  of  work. 

The  new  machine  is  shown  in  Figs.  1  to  4,  Plates  62,  63,  and  64. 

Fig.  1,  Plate  62,  is  a  plan  of  the  machine. 

Fig.  2,  Plate  63,  is  a  front  elevation,  some  of  the  parts  being 
shown  in  section. 

Fig.  3,  Plate  64,  is  an  end  elevation,  and  Fig.  4,  a  transverse 
section, 

AA  are  stands  resting  upon  the  floor  and  supporting  the  bed  B, 
on  which  are  mounted  the  adjustable  tables  CC,  and  the  traversing 
drilling  head  stocks  DD,  with  their  gearing,  which  receives  motion 
from  the  straps  EE,  by  which  the  two  headstocks  of  a  double 
machine  are  driven  independently  of  each  other.  The  revolving 
m.otion  of  the  cutting  tools  is  communicated  from  the  shafts  FF 
through  ranges  of  toothed  wheels  in  the  usual  manner,  variations  of 
speed  to  suit  diflFerent  sorts  of  work  being  obtained  by  the  cone 
pulleys  GG  driven  by  corresponding  pulleys  on  the  shafts  above. 

The  reciprocating  and  feed  motions  are  communicated  from  the 
shafts  FF  by  cone  pulleys  HH  and  straps  I,  whereby  the  rate  of 
traverse  and  feed  can  be  adapted  to  various  kinds  of  work.  The 
range  of  reciprocation  is  governed  by  fixing  the  pins  of  the 
connecting  rods  KK  in  the  required  positions  in  the  slots  formed  on 
the  upper  surface  of  the  elliptical  toothed  wheels  L,  and  the  velocity  of 
hoi'izontal  traverse  of  the  headstocks  DD  is  rendered  nearly  uniform 
throughout  the  entii'e  stroke  by  the  combination  of  elliptical  toothed 
wheels  L  with  eccentric  toothed  wheels  M,  as  shown  in  Fig.  5,  Plate 
62,  the  eccentric  wheel  making  two  revolutions  for  one  of  the 
elliptical  wheel. 

The  feed  motion  is  transmitted  from  the  elliptical  wheels  L  to  the 
drill  spindles  NN  by  ranges  of  gearing  including  friction  plates  00. 
The  downward  feed  of  the  tools  is  made  at  the  end  of  the 
reciprocation,  at  which  time  the  headstocks  DD  are  travelling  at 
their  minimum  velocity. 
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'I  _Teat    BlcntlmrsM  <  • 

ilrili      ,  slide  art'    UUliic  «'l    ■  _;•!.:.:: 

u  short  MM  tho  work   will  admit  of,  »o  that   whilo  drilUng  to  auj 

>to]ith  tho  cud«  uf  ihu  HpindlcH  do  uut  protrudu  far  beluw 

U18    uf   their    HocketM,    uud    ucurly    thu   name    duUuicu    ut 

'  rvcd  from  thu  puinl  of  hupiiurt  to  thu  cuttiug  puiut  duriiif^  tho 

.  wwiu  proci'Hii.     Cuuical  beariugH  with  tightouiug  uuttt  aro  aduptc-d, 

»u  tut  to  alluw  of  corr«ctiuu  for  wuur  aud  tear  of  thu  parts. 

lu  order  to  6uHure  standard  dimeniiionB  of  work  correspond iug  to 
t  be  dimuuhiuus  of  tlie  tools,  it  is  uecessary  that  thu  cuutre  Hum  of 
thu  cutters  bo  perfectly  in  line  with  thu  axes  of  thu  drill  spindles  ; 
and  to  ed'ect  this  adjubtuieut  accurately,  thu  sockets  in  thu  drill 
hpiudles  should  be  made  cuuical  aud  screwed  at  the  bottoms,  the 
drills  Imviug  correspoudiug  screws  aud  conical  fitting  parts  ;  cotters 
also  will  auswur  the  same  purpose  as  screws  to  draw  the  drilhi  tight 
up  in  their  sockets. 

The  drills  jire  not  of  tho  form  generally  used  in  other  machines, 
but  have  their  catting  parts  at  the  circumference  only.  lu  order  to 
;  :  I :  \  ■  ..:  :  jured  the  staudard  dimcnsiuus  of  work,  it  is  iu  practice 
...-uu  to  rough  out  the  work  previoUbly  to  nearly  the  bizo 
luteuded,  by  drills  which  may  be  sharpened  from  time  to  time  when 
uecessary  during  the  progress  of  the  work  ;'  aud  then  to  finish  it  by 
staudard  "  rose  bits,"  which  will  last  for  a  great  number  of  pieces 
of  work  without  any  perceptible  alteration  iu  their  dimensions. 

If  a  cross  traverse  is  required,  it  cau  be  given  by  a  self>acting 
motion  applied  to  the  transverse  slides  on  the  tables  holding  thu 
^e  the  longitudinal  traver&e  of  the  drill  !.■ 

...  1  ^        A  d.     If  other  than  straight  grooves  are        .         •, 

I  hey  may  be  obtained  by  combinations  of  the  longitudinal  traverse  of 
the  headstocks  aud  the  cross  ti-aven>e  of  the  tables,  both  g>      - 
the  same  time.     If  circular  grooves  or  portions  of  them  bi 
they  may  be  obtained  by  the  tise  of  self-acting  revolving  tables,  m 
connection  with  the  ordinary  tables  for  holding  the  work.       ^_^ 

It  has  been  thought  nunecessary  to  enter  into  a  description  of 

at  enough  has  been  stated  to  explain 
:  .  ^  ^  urs. 

The  new  machine  has  been  iu  operation  at  the  works  of  Messrs. 
Sh.r].,  S"  ,,  irt,  aud  Co.,  in  Manchester,  for  about  five  months,  aud 
"      :  .    experience   of  its    working  daring  that  period,  it   is 

buUuved  thai  in  the  quality  of  the  work  produced,  aud  the  cost  aud 
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rapidity  of  production,  it  is  superior  to  any  other  machines  previously 
used  for  the  same  purposes.  It  has  been  found  that  the  cost  of  the 
work  done  on  the  machine,  as  compared  with  former  processes,  has 
been  reduced  on  an  average  about  90  per  cent.,  the  same  work  being 
now  done  for  £10  that  cost  £100  before,  whilst  the  rapidity  of 
production  with  the  same  expenditure  of  wages  has  been  increased 
about  8|  times,  and  the  writer  believes  that  the  quality  of  the  work 
has  not  been  equalled  by  any  other  machine  for  similar  purposes. 

The  largest  machine  yet  ordered  is  now  in  course  of  construction, 
and  a  duplicate  of  it  will  shortly  be  sent  to  the  Crystal  Palace  at 
Sydenham.     The  principal  dimensions  are  as  follows  : — 
Length  of  bed 12  feet. 


Kange  of  headstocks 
Length  of  slot  drilled 
Depth  of  slot 
Width  of  slot 


3  feet  8  inches. 
13  inches. 
11  Inches. 
4i  inches. 


Extreme  distance  apart  at  which  drills  can  work,  8  feet  9  inches. 

The  numerous  purposes  to  which  these  machines  may  be  applied 
will  readily  suggest  themselves  ;  for  instance,  one  drill  may  be 
slotting  or  surfacing,  and  the  other  drilling  plain  holes ;  or  both 
maybe  drilling  plain  holes,  slotting,  or  surfacing,  as  required.  They 
have  been  used  for  such  work  as  cutting  cotter  holes  in  locomotive 
connecting  rods,  both  ends  at  the  same  time,  cotter  holes  in 
connecting-rod  straps,  in  pistons,  piston-rods,  and  crossheads  ;  for 
cutting  key-grooves  in  shafts  ;  for  cutting  oil-cups  and  joints  of 
motion-work  out  of  the  solid,  and  oil-ways  in  bearing  brasses  ;  and 
for  various  other  similar  purposes  in  connection  with  locomotive 
engine  building  and  engineering  tool  making  generally. 

The  great  advantage  of  these  machines  is  perhaps  best  seen  in 
the  diflB.cult  and  tedious  operation  of  cutting  slots  or  cotter  holes, 
and  fx'om  the  samples  exhibited  it  will  be  observed  that  the  work 
produced  is  far  superior  in  accuracy  and  finish  to  that  done  by  the 
usual  process  of  drilling,  slotting,  and  filing  ;  and  this  advantage  is 
obtained  in  addition  to  the  economy  in  cost  and  time  of  production. 

Another  feature  worthy  of  notice  is  the  little  attention  the 
machine  requires  after  starting ;  a  man  and  a  boy  can  with  ease 
look  after  two  double  machines. 

It  is  important  to  observe  further,  that  in  contrast  with  most 
other  workshop  tools,  no  time  is  lost  during  the  execution  of  a 
piece  of  work  by  this  machine,  but  the  work  progresses  without 
intermission  from  the  commencement  to  the  completion. 


DKll  I.IM.      KAI   lll.M..  Ill 

Mr.  FoRJTTn  exbibitod  Kovornl  iiptvimcnJ  of  eottcr  hole*  of 
cliflereut  hitcH  mudv  by  the  machiuu,  to^ulher  with  the  toobt  by  which 
•iivy  were  out ;  aud  aUu  u  h|Kximeu  uf  a  outt«r  hole  cut  by  hajid  iu 


ro8t  o(  £i  2ii.  2d  ,  thrvo  tiluii  beiuf^  eutiruly  UMed  up  iu  the  work, 
vvhiUt  by  the  machiiio  tho  kuiuu  ttiied  bolu  wua  cut  iu  loiui  than 
14  hourii  by  n  Hinglc  drill  at  a  cost  of  unly  2m.  Ud. 

The  CiiAiKMAN  thout^ht  the  muchitiu  wa8  aii  itdmirablo  tool  fur 

tho  work  intondeil,  iu>d  tho  great  saving  efl'ected  by  it,  combiued 

with  tho  tiuperior  quality  of  tho  work  produced,  would  reader  it  a 

to   the    u  •,  UH   all    muhl    bo  awure  of  tho 

J    .  ^    !u»o  of  cu  u-)  by  the  ordiuary  procetui,  which 

lequired  much  Bttbsequcut  tittiug. 

Mr.   FoiWYTU  said   it  must  bo  observed  that   the   plan   of  slot 

ilrilHntr  by  machiuery  was  not  novel,  having  been  in  uho  now  for 

!it  years  at  Messrs.  Sharp's  works;  they  had  had  one  of 

; ;      _,      :aachines  at  work  about  two  years,  aud  another  by  Nasmyth 

about  a  year.     The  originality  of  the  present  machine  lay  in  the  use 

of  a  recij':  drilling  heudstock  moving  on  a  slide  or  bed,  tho 

work  to  !■  c  J  upon  being  stationary  but  having  facilities  for 

adjustment  as  in  an  ordinary  shaping  machine.     This  idea  was  tirst 

•v--_'ested  by  Mr.  Furnival,  a  foreman  at  Messrs.  Sharp's,  and  the 

.1   waa  subsequently   worked  out   by  Mr.   Batho,  one  of  their 

.  by  whom  mainly  the  machine  had  been  brought  into  its 

,    _:_:   lurm.     In  the  tirst  machine  made,  a  simple  crank  motion 

was  employed  to  give  the  headstocks  their  traverse,  but  this  could 

'  .  only  at  such  .:  ..>  that  the  maximum  velocity  of  the 

.s  at  half  stroi.  a  be  below  that  at  which  heating  of 

the  tool  would  commence,  making  the  average  velocity  throughout 
the  stroke  considerably  less  than  at  present.  In  the  machines 
>ub^t'queutly  made,  tho  combination  of  eccontric  and  elliptical 
t  tiled  wheels  was  introduced,  by  which  a  nearly  uniform  velocity 
'I  traverse  was  obtained,  and  the  headistocks  were  driven  at  the 
maximum  velocity  throughoat  the  stroke,  giving  nearly  twice  the 
average  s|x*ed  previously  atlained.     '1"  '        '  '      o 

«vere  all   of  the   hoUuw  or  box  dcsci  * 

strength  ;  aud  tho  upper  part  of  the  headstocks  was  cored  out  to 
f'irm  a  largo  oil  vessel,  as  shown  iu  the  drawing,  by  which  a 
coustaut  feed  was  suppUed  to  the  drills.  Iu  tho  ordinary  mode  uf 
ilxing  the  drills  in  the  drill  spindles,  tho  drill  was  made  parallel  iu  the 
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shank,  fitting  into  a  parallel  socket  in  the  spindle,  and  tightened  by 
a  set  screw ;  this  had  the  eflfect  of  throwing  the  drill  slightly 
out  of  centre,  and  gave  it  an  irregular  motion,  which  produced  an 
enlai'gement  of  the  hole  at  the  extremities.  To  obviate  this  defect, 
the  shank  of  the  drill  used  in  these  machines  was  made  slightly 
conical,  fitting  into  a  conical  socket  in  the  drill  spindle,  and  drawn 
up  tight  by  an  end  screw. 

The  Chairman  enquired  how  long  the  drills  were  found  to  last, 
and  what  was  the  largest  size  of  tool  that  could  be  used  in  the 
machine. 

Mr.  Batho  replied  that  the  drills  were  found  to  be  very  durable ;  one 
2  inch  drill  had  lasted  a  week,  and  then  only  wanted  sharpening  again, 
and  one  rose  bit  or  finishing  tool  lasted  six  weeks  without  sharpening, 
though  constantly  at  work  every  day ;  an  ordinary  large  cotter  hole, 
say  6  inches  long  and  deep  and  1  inch  wide,  would  use  up  three 
files,  costing  5s.  Od.  at  least,  but  these  drills  being  made  with  a  small 
cutting  face  could  be  quickly  rubbed  up  on  an  oil  stone,  and 
consequently  were  very  durable.  The  present  machine  was 
constructed  for  a  traverse  of  12  inches,  and  the  largest  single  drills 
would  cut  a  hole  2  inches  wide  and  5  inches  deep  :  for  holes  wider 
than  2  inches  it  was  preferable  to  use  an  expanding  bit  or  chuck, 
formed  of  a  boss  having  diagonal  grooves  in  its  face,  in  which  two 
cutters  could  be  fixed  at  the  required  distance  apart ;  by  this  means 
a  hole  had  been  cut  as  wide  as  4|  inches. 

Mr.  Siemens  observed  that  such  an  arrangement  of  an  expanding 
bit  would  afford  a  good  means  of  adjusting  the  cutters  when  worn. 

The  Chairman  expressed  much  pleasure  and  interest  in  the 
machine,  which  he  thought  supplied  an  important  desideratum  in 
the  list  of  engineer's  tools.  He  proposed  a  vote  of  thanks  to  Mr. 
Forsyth,  and  requested  that  he  would  leave  in  the  Institution  for 
reference  some  of  the  specimens  of  work  and  tools  that  had  been 
exhibited. 


The  following  Paper,  by  Mr.  0.  William  Siemens,  of  London, 
was  then  read  : — 
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ON  AH   IMPROVED  WATEH  METEK. 

In  January,  1854,  tho  writer  oommunicaUHl  to  thiji  Iu»titntion 
a  pa|>or  ou  au  impruvod  Water  Mutor,  in  wliich  \w  doHcribed  several 
mechanical  arnini,»finontn,  b}'  which  ho  had  HUcctHHled  in  mcajturin^; 
water  flowinjj  thmu^h  pijx'H,  with  a  Hufliciont  degree  of  accuracy  for 
practical  purpobcH,  and  without  destroying  the  prcasuro  or  head  of 
water  column.  In  tho  cuuphu  of  coimideniblo  ozperionco  with  these 
meters,  soToral  important  improveniontM  have  suggosted  theniselvoB, 
and  oj)portouitio8  have  occurred  of  observing  tho  public  imi>ortance 
of  supplying  water  by  mcterH,  which  the  writer  thinks  may  not  bo 
without  interest  to  the  members  of  this  Institution. 

Tho  chief  difficulty  that  presented  itself  in  endeavouring  to 
produce  a  practically  perfect  high  pressure  motor  was  not  so  much 
to  obtain  a  correct  measurement  under  varying  circumstances  of 
pressure,  as  to  render  tho  instrument  sufficiently  duntble  to  resist 
for  years  tho  action  of  tho  water  and  of  tho  impurities  carried  along 
with  it.  It  was  found  necessary  to  protect  all  the  working  parts 
against  the  chemical  action  of  tho  water,  to  prevent  deptisit  of 
calcareous  matter  upon  tho  measuring  apparatus,  and  to  combine 
strength  with  lightness  as  far  as  possible  in  the  construction  of  tho 
movable  parts,  in  order  that  they  might  resist  the  force  of  a  high 
water  column,  and  might  yet  bo  moved  by  tho  slender  stream 
produced  by  a  leaky  tap,  which  in  the  case  of  tho  smaller  meters 
may  not  exceed  half  a  pint  of  water  passing  through  |>er  mimito. 
Cheapness  and  compactness  of  construction  were  other  important 
considerations  not  to  be  lost  sight  of. 

Tho  improved  motor,  as  at  present  manufactured  by  Messrs. 
Guest  and  Chrimes,  is  represented  one  quarter  fall  size  in  Plate  05, 
Figs.  1,  2,  and  3. 

The  meter  oonsists  of  a  cast  iron  casing  A,  Fig.  1,  divided  by  a 
partition  into  two  compartments  B  and  C.  The  water  entering  the 
comjiartment  B  through  the  pipe  D  passes  through  a  spout  E  into 
the  revolving  drum  F.  The  drum  F,  shown  in  the  perspective  view. 
Fig.  2,  and  the  plan.  Fig.  3,  is  formed  of  two  stamped  disks  of  brass 
plate  rivetted  and  soldered  together  face  to  face,  each  part  containing 
similar  spiral  grooves  or  corrugations  forming  channels  for  the  water 
to  pass  from  tho  centre  to  the  circumference.  Tho  foot  of  tho  spindle  G 
forma  with  th^  lower  portion  of  tho  drum  a  chamber  H,  into 
which  enters  a  fixed  stud  J.     Tho  point  of  the  stud  is  of  hard  steel. 
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and  works  in  contact  with  a  bit  of  hardened  steel  let  into  the  bottom 
of  the  spindle  G,  forming  a  support  for  the  drum  F.  The  chamber  H 
is  filled  with  oil  to  protect  the  bearing  from  the  action  of  the 
water,  and  the  oil  being  the  lighter  fluid  cannot  be  displaced  by  the 
water.  The  drum  F  carries  three  or  more  flat  blades  KK,  intended 
to  produce  a  resistance  in  the  water  increasing  as  the  square  of  the 
velocity  of  revolution,  the  efiect  of  which  is  that  the  drum,  which 
has  a  tendency  to  revolve  at  a  rate  increasing  more  rapidly  than  the 
velocity  of  the  water,  is  caused  to  rotate  at  a  speed  proportionate  to 
the  quantity  of  water  passing  through,  whether  at  a  high  or  low 
velocity. 

The  water  having  issued  into  the  chamber  G  passes  away  by  the 
pipe  L  to  the  point  of  delivery.  The  spindle  G  passes  upward  into 
the  chamber  M,  which  contains  wheel  work  to  reduce  the  motion 
communicated  by  the  drum  and  is  also  filled  with  oil.  A  small 
spindle  passes  finally  at  a  greatly  reduced  speed  through  a  stuffing 
box  into  the  upper  chamber  N",  containing  the  dial  on  which  the 
quantity  of  water  that  has  passed  through  the  meter  is  indicated 
by  hands  in  gallons  or  cubic  feet.  The  details  of  the  counting 
apparatus  have  been  described  in  the  former  paper.  The  cup  or  dish 
forming  the  chamber  M  is  made  of  stamped  brass  and  corrugated, 
in  order  to  yield  to  concussions  from  the  water. 

Before  entering  the  meter,  the  water  has  to  pass  through  a 
gi-ating  0,  which  arrests  any  solid  matter,  and  is  made  easily 
accessible  for  the  purpose  of  removing  from  time  to  time  the 
impurities  that  have  collected,  when  it  is  found  that  the  passage  of 
the  water  is  obstructed. 

It  is  important  to  make  the  area  of  the  inlet  E  nearly  equal  to 
the  collective  area  of  the  outlets  of  the  drum  F,  but  a  little  smaller 
than  the  latter.  If  the  area  of  the  inlet  were  made  larger  than  that 
of  the  outlets,  there  would  be  a  greater  pressure  within  the  drum 
than  in  the  surrounding  chamber  C,  and  some  water  would  escape 
unmeasured  between  the  neck  of  the  drum  and  the  outside  of  the 
inlet  E  ;  on  the  other  hand,  if  the  area  of  the  inlet  were  made 
considerably  smaller  than  that  of  the  outlets,  a  leakage  would 
take  place  from  the  chamber  C  into  the  drum,  because  the  water 
passing  through  E  would  act  in  the  manner  of  a  blast  or  as  in 
Mr.  James  Thompson's  jet  pump.  The  area  of  the  inlet  should 
accordingly  be  for  the  smaller  meters  10  per  cent.,  and  for  the 
larger  5  per  cent,  less  than  that  of  the  outlets,'  to  allow  for  loss 
of  velocity  by  friction  in  the  drum.     This  loss  may  be   taken  to 
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represent  with  tol.  umcy  the  ilt«jfT©e  of  ub«tractiou  opposed 

by  the  meter  to  tl ■••a  water  column.     Tho  rapid  ourretit  of 

the  water  through  the  inlet  K  aud  thr  curvihnoar  channeU  of  tho 
drum  ha«  b« .  i 

these  places,  \n 

meter  would  ^niui  in  relative  speed  in  proportion  as  tho  area  of  tho 
channelN  was  diintnlKhod. 

Met4>r«  coiihtructfd  on  thin  pkn  have  now  been  found  to  work 
isly    for    marly     tlirro    years    under    the    most     varied 

(. uinces   without   rt^quiring   any   alteration   wliatever.      Tho 

arran^ment   made   between    the    manufacturers    and    the    water 

'  '  ■  .  ■  ...  .     i" 

measurement,  shall  bo  exchanged  ;  and  experience  shows  that  the 
number  of  meters  so  returned  does  not  exceed  2[  per  cent,  in  tho 
year,  aud  these  for  the  most  part  have  been  sent  back  only  from 
trivial  causes.  The  more  serious  accidents  have  been  that  the  meter 
has  become  choked  with  gravel  or  other  impurities,  tliat  hud 
entered  through  a  broken  gratiner :  or  that  the  regulating  vanes  have 
been   broken,  and  tho  rehitive  ic  revc^lving 

been  much  increased  ;  or  that  8ci:  nt  in  the  wlu-.  t" 

the  counting  apparatus  has  taken  place.  In  winter  it  has 
happened   that  the  easing  of  tho  meter  has  1  '  '      "      t,  but 

thi.s  class  of  accidents  does  not  coiieern  the  n;.  :uents 

of  the  meter.  The  manufacturers  enter  into  contracts  to  maintain 
the  meters  supplied  by  them  in  good  working  condition  for  a  term 
of  years,  in  consideration  of  the  moderate  anntial  charge  of  5  per 
cent,  per  annum  on  the  first  cost,  proviiag  thereby  their  own 
confidence  in  tho  durability  of  tho  meters. 

A  further  object  of  this  paper  is  to  prove  from  act 
the  utility  of  the  meter  to  water  companie.s  and  water  v  i 

to  engineers  and  others  for  general  purposes. 

Although  tho  meter  has  been  as  yet  but  partially  applied  by 

water   companies   as  the   arbiter   between    themselves    and    their 

or  trade  customers,  the  advantages  to  the  c  i 

•  a  of  waste,  error,  and  fraud,  have  been   m _. 

The  following  Table  gives  the  results  of  the  application  of  fiftc«n 
meters,  showing  the  <V"  '  rate  jmi  "  ■.» 

their  application  and  .of  the   ^^  .  v 

supplied  according  to  the  meters  : — 
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Number  of 
Reference, 

Rate  Paid, 

Value  of 
Water  Consumed, 

1 

2 
3 

5 

6 

7 

8 

9 

10 

11- 

12 

13 

14 

15 

£40 

40 

50 

40 

35 

18 

365 

15 

7 

7 

7 

20 

12 

13 

16 

£1050 

400 

.       450 

78 

64 

500 

500 

45 

21 

21 

21 

95 

110 

115 

700 

Total... 

£685 

£4170 

It  appears  from  this  table  that  the  collective  rates  paid  by  15 
consuBiers  amounted  to  £685,  whereas  according  to  the  established 
value  of  the  water  they  ought  to  have  paid  £4170,  or  more 
than  six  times  the  amount.  These  are  no  doubt  exceptional 
cases,  which  have  come  particularly  under  the  notice  of  the 
manufacturers  because  the  correctness  of  the  meters  was 
disputed  by  the  consumers  ;  but  they  show  the  utter  impossibility 
of  estimating  the  quantity  of  water  supplied  by  a  given  pipe  without 
the  application  of  a  meter.  In  several  of  the  cases  stated  in  the 
table,  the  consumers  themselves  applied  for  the  meter,  because  they 
thought  the  rate  they  paid  was  excessive.  They  calculated  no  doubt 
correctly  the  water  actually  required  for  their  manufacturing 
operations,  but  did  not  take  into  account  the  lavish  waste  that  is 
continually  going  on  by  taps  leaking  or  left  open,  by  broken  pipes, 
and  by  inundating  instead  of  washing  floors  and  utensils,  &c.  From 
all  the  information  the  writer  has  been  able  to  collect,  he  ventures 
to  affirm  that  fully  one  half  of  all  the  water  supplied  by  the 
permanent  supply  system,  which  at  present  is  made  compulsory  by 
Act  of  Parliament,  is  absolutely  wasted,  without  utility  either  to 
the  consumers  or  to  the  water  companies.  It  cannot  even  be  said 
that  the  water  thus  wasted  is  useful  in  a  sanatory  point  of  view,  by 
cleansing  the  sewers,  because  the  deposit  contained  in  the  sewers 
can  be  removed  only  by  flushing  them  from  time  to  time. 
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The  valuo  of  tho  wutcr  that  in  ho  wMied  maj  be  MlimAted  from 
the  fact  that  uno  Wat«r  Comiuiiiy  alone,  the  East  Londot^  ftella  at 
preiteut  nearly  800  millions  of  f^UunM  a  year  by  rooter,  which  at  th« 
price  of  Oil.   jH«r  lOM)    .•  itj*   to  ii  rental  of  £JO.«J«X)   \n.r 

annum.    They  employ  i  -i>only  iiLnrnt  -IMJ  met«ra,  wha-h 

are  however  of  more  than  the  aveni(^  dimcnaiomi. 

In  order  to  detect  and  prevent  all  wa^te  of  water,  it  would  bo 
necoKsary  to  apply  a  meter  not  only  to  the  branrh  pipe  of  every 
irrfguUir  conbunifr,  but  also  to  every  branch  main  h 

or  a  street.     Tho  legitimate  eomsumption  of  each    .    .     •. 

would  then  be  soon  ascertained,  and  if  in  any  one  week  it  exceeded 
that  umount,  the  nu«ter  would  iit  «»nco  draw  attention  to  the  fact,  the 
cau.se  of  which  would  fn-queutly  be  found  to  be  a  leaka^*  from  the 
branch  main  under|p\)and  into  the  sewers,  which  it  is  at  present 
impossible  to  detect. 

In  order  to  render  the  system  of  supply  by  meter  perfect,  it  should 
be  extended  also  to  private  hou.ses.  Objection  has  been  raised  against 
this  proposition,  on  the  ground  that  the  poorer  housekeepers  would 
economixe  water  with  detriment  to  their  own  sanatory  condition,  and 
also  that  the  cost  of  the  meter  is  too  high  in  prof>ortion  to  the 
amount  of  rent  they  pay.  These  objections  are  applicable  however 
only  to  the  case  of  labourers'  cottages,  which  indeed  might  be  supplied 
without  restriction,  or  might  be  charged  a  fixed  rate  till  their 
coutjumptiou  exceeded  a  certain  maximum.  It  should  however  be 
borne  in  mind  that  the  principal  value  of  meters  to  water  companies 
consists  in  the  prevention  of  waste;  and  it  is  a  question  open  for 
discussion,  whether  the  waste  going  on  in  houses  on  the  permanent 
supply  system  does  not  far  exceed  the  cost  of  maintenance  and 
investment  of  a  meter,  which  indeed  would  not  be  more  than  the  cost 
of  the  present  cistern  and  ball  taps. 

A  system  of  supply  by  meters  would  relieve  the  oflBcers  of  the 
water  companies  from  much  watchful  care  and  unpleasant  discussion 
with  the  customers  about  the  quantity  of  water  they  consume.  The 
advantages  derived  by  consumers  from  being  supplied  by  meters 
are, — first,  that  each  consumer  pays  only  for  the  water  actually  used 
by  him,  whereas  at  present  he  must  pay  also  his  share  of  all  the  waste 
that  is  going  on ; — secondly,  tho  meter  is  useful  to  the  consiuner  for 
regelating  the  distribution  of  water  on  his  own  premises,  and  for 
preventing  waste  by  his  own  servants; — and  thirdly,  the  general 
prevention  of  waste  will  tumble  tho  water  oompaniee  to  reduce  their 
charges. 
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There  are  many  other  useful  applications  of  an  efficient,  cheap, 
and  compact  water  meter,  one  of  the  most  important  of  which  is  the 
apphcation  to  steam  boilers.  By  inserting  a  meter  into  the  suction 
pipe  of  the  feed  pump,  a  correct  indication  is  obtained  of  the  water 
actually  evaporated,  Avhich  serves  as  a  check  on  the  one  hand  upon 
the  performance  of  the  engine,  and  on  the  other  hand  upon  the 
quality  of  the  fuel  employed,  or  the  care  of  the  fireman  in  burning  it. 

There  are  at  present  upwards  of  2000  of  these  meters  in  constant 
use  at  several  large  towns  in  this  country,  including  London,  Bristol, 
Edinburgh,  Newcastle,  Yarmouth,  and  Leeds ;  and  also  upon  the 
continent,  at  Berlin,  Amsterdam,  and  elsewhere. 

The  sizes  of  the  meters  vary  from  ^  inch  to  12  inches  diameter 
of  supply  pipe ;  and  excepting  the  comparatively  few  cases  of  defective 
meters  above  alluded  to,  which,  according  to  a  careful  register  kept 
by  the  manufacturers,  have  amounted  to  not  more  than  33  cases  in 
a  year  out  of  about  1500,  the  results  have  been  highly  satisfactory 
as  regards  both  the  correctness  of  measurement  and  the  durability  of 
the  meter. 


Mr,  Siemens  exhibited  several  meters  of  different  sizes,  and 
specimens  of  the  revolving  drums,  from  the  smallest  size,  with  a 
drum  1|  inches  diameter,  intended  for  a  pipe  ^  inch  diameter, 
delivering  5  gallons  per  minute,  up  to  one  of  the  largest  sizes,  with 
a  drum  8  inches  diameter,  intended  for  a  main  10  inches  diameter, 
delivering  500  gallons  per  minute.  A  ^  inch  meter  was  also  exhibited, 
and  shown  in  operation  to  the  meeting  at  various  rates  of  discharge, 
having  a  glass  casing  allowing  the  motion  of  the  rotating  drum  to  be 
seen  wliile  in  action. 

The  Chairman  observed  that  there  had  been  hitherto  much 
difficulty  in  obtaining  a  correctly  registering  meter,  and  now  that 
water  was  so  much  more  generally  introduced  by  water  companies 
into  houses,  &c,,  it  was  important  to  have  an  accurate  and  durable 
meter,  that  could  be  fully  relied  upon. 

Mr.  Allen  enquired  whether  the  drum  would  make  many 
revolutions  by  its  momentum  after  a  sudden  stoppage  of  the 
discharge ;  he  thought  that  it  would  be  liable  to  do  so,  especially  under 
a  high  pressure  or  a  great  velocity,  and  that  the  meter  would  then 
register  too  large  a  quantity. 


WATit  MrriK  U'j 

Mr.  SiKilENS   i.]!,.l    t lint  t lie  tondrncv  n, 

wlieu  the  dihclia !_:,'■    w:'-  ^lojHH.'d,  wuh  how  _    ^  iij 

tho  ratartliug  vaui*h  tixod  upou  it,  by  tbo  ruMUiUuioe  of  which  in  the 
giatioimry  wutcr  it  wiuj  sjut'dily  brouj^ht  to  rtiat.  It  hiul  Umju 
lUiOertuinLHl  by  fXjtoriimiit,  tliiit  wbeu  the  drum  wiu»  rotutiufj;  at  'JOoO 
revolutions  j>er  minute,  only  5  or  G  ruvolutiuun  wero  mude  by  it  after 
the  diiichargo  had  been  buddenly  stopped  ;  and  the  little  error  arihiug 
from  this  cause  wtui  nearly  compeuiiatod  for  by  the  uflect  produced 
by  tho  inertia  of  tho  drum  at  tho  commencement  of  motion,  a  (oinill 
quantity  of  water  having  to  pass  through  the  drum  not  registered, 
before  tho  drum  had  obtained  the  velocity  corroflponding  with  tho 
velocity  of  tho  water  through  tho  meter.  As  ■  nio  test,  ho 
might  mention  an  instance  in  which  a  motor  hud  I  .  to  mcasaro 

the  water  supplied  to  an  engine  boiler,  and  had  been  placed  between 
the  feed  pump  and  tho  boiler,  and  conswjuently  tho  drum  was  set  in 
motion  and  stopped  at  each  stroke  of  the  pump,  and  went  with  jerks; 
but  even  under  thi.s  severe  trial  the  meter  wa.s  found  to  regi.ster  only 
about  5  per  cent,  in  excess.  In  such  a  case  it  would  be  necessary  to 
provide  an  air  vessel  to  equalize  the  flow  through  the  meter ;  but 
even  without  such  an  addition  tho  amount  of  loss  at  each  stoppage 
was  evidently  very  small. 

Mr.  Greaves,  of  tho  East  London  Water  Works,  was  particularly 
glad  to  bo  able  to  bestow  praise  on  tho  present  invention,  having  so 
often  been  unable  to  form  a  favourable  opinion  of  water  meters.  He 
had  paid  considerable  attention  to  tho  several  meters  that  had  been 
brought  forward,  and  the  first  that  occurred  to  him  as  having  been 
practically  useful  was  that  by  Stirling,  whoso  meter  was  formed  of  a 
horizontal  revolving  drum  ;  this  was  however  found  faulty,  and  could 
not  be  used  under  high  pressures.  Tho  original  screw  meter, 
invented  by  Mr.  Siemens,  had  proved  defective.  Piston  meters, 
consisting  of  a  piston  driven  up  and  down  in  a  cylinder  by  the  water, 
which  was  admitted  alternately  at  the  top  and  bottom  of  the  cylinder, 
had  been  frequently  attempt^'d,  but  unsuccessfully.  Trials  had  also 
been  made  of  double  chambered  meters  with  door  pistons,  which 
might  be  said  to  consist  of  a  pair  of  coupled  engfines  worked 
backwards;  but  elastic  diaphragms  as  used  for  gas  \%.  l.le 

for  water.     In  Siemens'  new  meter,  now  under  c*  :  ho 

measurement  of  the  water  do|>ended  on  the  principle  of  reaction,  the 
drum  being  caused  to  rotate  by  tho  reaction  of  tho  water  in  passing 
through  it.  After  having  experimented  carefully  on  all  the  above 
meters,  he  had  found  that  of  Mr.  Siemens  to  be  tho  bt*st,  and  it  had 
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proved   very   satisfactory   in   workiBg.       Of  the   other  meters  he 
preferred  that  by  Kennedy,  of  Kilmarnock. 

The  great  difficulty  to  be  encountered  had  been  to  produce  a 
meter  that  would  answer  equally  well  under  all  varieties  of  pressure 
and  velocity,  and  would  transmit  the  full  pressure  of  the  water.  He 
believed  the  previous  meters  had  failed  of  accomplishing  this  fully, 
but  it  appeared  to  be  attained  in  the  present  instance.  In  Mr.  Siemens' 
meter,  the  addition  of  the  retarding  vanes  on  the  drum  was  an 
important  point,  as  the  increasing  resistance  they  encountered  from 
the  water  checked  the  drum,  and  counteracted  the  tendency  that  it 
had  to  rotate  at  an  increasing  speed,  which  would  othei'wise  produce 
an  error  in  the  registration.  At  the  East  London  Water  Works  a  large 
number  of  these  meters  of  various  sizes  were  being  used  at  the 
present  time,  of  which  16  were  |  inch,  18— |  inch,  31—1  inch, 
16— 1|  inch,  17— 11  inch,  43— 2  inch,  17— 3  inch,  7— 4  inch,  and 
^  D  mch.  The  total  quantity  of  water  supplied  through  these 
meters  was  2,000,000  gallons  per  day,  at  a  minimum  value  of  6d. 
per  1000  gallons,  and  a  correct  measurement  was  therefore  a  matter 
or  great  importance,  this  being  he  believed  a  larger  quantity  of  water 
than  was  measured  through  meters  by  any  other  parties,  although 
he  understood  that  Mr.  Bell,  of  Bristol,  was  using  a  greater  number 
of  meters. 

The  defects  that  had  come  under  his  observation  in  the  working 
or  the  meters  had  not  been  serious,  and  were  defects  in  construction, 
not  in  principle ;  in  the  earlier  meters  some  of  the  drums  and  the 
retarding  vanes  had  been  broken,  the  spindles  burred,  or  the  gearing 
of  the  counting  apparatus  injured,  but  there  had  been  very  few 
stopjjages  of  the  later  made  meters  from  any  causes. 

The  Chairman  enquired  for  how  long  a  period  he  had  been 
making  trials  of  the  different  meters  that  had  been  introduced,  and 
how  long  he  had  had  Siemens'  meter  in  regular  use. 

Mr.  Greaves  said  that  the  Bast  London  Water  Works  Company 
had  been  occupied  for  15  years  in  experiments  on  meters,  in  which 
about  £1000  had  been  expended.  His  predecessor,  Mr.  Wicksteed, 
had  taken  great  pains  to  arrive  at  a  satisfactory  meter,  but  without 
success,  and  had  himself  made  a  machine  for  the  purpose,  having 
a  double  set  of  double-beat  valves,  forming  in  fact  a  water  pressure 
engine.  Other  meters  also  were  made  fitted  with  slides,  but  it  was 
found  difficult  to  adjust  the  working  of  the  tumblers  to  the  varying 
pressure,  and  the  apparatus  proved  noisy  and  inconvenient.  It  was 
essential  to  any  meter  that  was  to  be  generally  adopted  that  it  should 
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uot  Ik-  •  1  thf   Lui.         ..  :    ,     :    i'      .  '  It.      Ho 

htul  Uu^^  or  ot  Mr.  .--.I  nu  i      -.i  .  r«{.'ullU* 

OHO  about  twelve  luuutbs,  aud  it  appeared  to  tuiul  aii  tuu  i  ^t4i 

of  n  good  aud  duniblu  uioler.  It  \vm»  imporlttut  thai  in  ....  .  auj 
injury  or  htoppuge  of  ibu  muter  tbo  cuii&umur  bhould  uot  liuffer 
thereby,  aud  »u  iliib   i\>  'J^ 

uietoiti,  for  though  they  u.„  o  »       ^  »  ^'^ 

wUilbt  iu  working  order,  yet  if  ever  they  happeuod  to  break  down 
the  tiow  of  water  wju>  stopped ;  iu  Mr.  Siemeujs'  meter  ou  the  other 
baud,  if  a  breuk  down  occurred,  tbo  tlow  of  the  water  wa«  uot 
iuterrupted,  aud  the  io88  waa  eutirely  ou  the  uido  of  the  compauy. 
Iu  the  case  of  some  mauufactories,  such  Aa  bugar  work«,  much 
damage  had  beeu  kuowu  to  accrue  from  au  acciUeutal  stoppage  in 
the  supply  of  water,  aud  it  wad  desirable  to  avoid  the  berioua 
cousequeuccs  of  such  au  accideut,  eveu  at  the  expense  of  some  loss 
of  water  charge  from  the  meter  staudiug  still  a  day  or  two,  tbo 
principle  iu  every  instauco  being  that  tbo  meter  ought  to  break 
dow  n  against  the  company,  aud  uot  aguiust  the  couaumer. 

Mr.  Bell,  of  the  Bristol  Water  Works,  said  ho  had  uhed  a  largo 
uiuuber  of  the  metera  described  iu  the  paper,  aud  had  been  well 
satisded  with  them  ;  he  had  brought  ouo  of  them  for  the  purpose  ot 
showing  at  the  meeting  the  actual  results  of  working.  The  meter 
was  now  for  the  tirsL  time  taken  to  pieces  siuce  first  puiiiug  to  work, 
having  been  in  constaut  work  for  two  years,  aud  it  was  found  in 
complete  good  order  with  very   -"     '  -lui  of  wear  iu  any  parts, 

after  haviug  measured  many  thou.-..  .  ^  -us  of  water.  It  had  beeu 
used  at  first  at  a  sugar  house,  aud  when  tested  on  being  removed 
from  the  house  gave  about  2|  per  cent,  against  the  compauy ;  it  wa^i 
replaced  by  another  meter  iu  about  five  uiiuules,  aud  was  then  taken 
to  the  Clifton  Baths,  and  after  being  used  there  for  some  tune  longer 
was  again  tested,  when  it  was  found  to  be  less  than  3  per  cent,  in 
error  agaiust  the  compauy,  registering  'J72  gallouij  instead  of  1000. 
The  ni  he  used  were  all  tested  by  meaus  of  a  lOOO  gullou 

tank,  li.  .u  of  which  were  run  out  through  the  meter,  aud  mo 

indication  noted.  It  was  necessary  in  Bristol  to  be  very  careful  iu 
the  use  of  i.  .^  the  water  had  previ  u  much  wasted, 

and  a  sea  >  .  .    would   be  needed  to  i  the  wattio  that 

would  otherwise  take  place,  no  springs  being  sutfioient. 

lie  had  tried  the  improved  meters  of  Mr.  Siemens  under 
pressures  varying  from  2o  to  60  and  GO  lbs.  per  square  inch,  and  had 
found  them  eqiudly  correct  under  all ;  he  had  now  32(>  of  tbem  at 
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work,  some  Laving  been  down  two  years,  and  used  1  inch  meters  to 
supply  2000  gallons  per  hour,  and  |  inch  meters  for  400  gallons  per 
liovir.  He  had  tested  several  other  rotai-y  as  well  as  piston  meters, 
but  none  of  them  were  quite  satisfactory,  as  some  water  was  allowed 
to  pass  through  without  being  measured ;  in  the  piston  meter,  the 
cock  by  which  the  entrance  and  discharge  of  the  water  was  regulated, 
was  of  lai-ge  size,  and  he  had  found  it  sometimes  happened  that  the 
tumbler  had  nOt  power  enough  to  turn  the  cock  over,  causing  the 
meter  to  stand  still,  and  stopping  the  flow  of  water. 

Mr.  Forsyth  enquired  whether  the  rolling  packing  ring  used  in 
Kennedy's  piston  meter  had  been  found  to  be  durable  ;  it  appeared 
an  ingenious  way  of  getting  over  the  difliculty  of  packing  in  a  piston 
meter  with  little  friction,  and  he  had  understood  it  had  proved 
successful. 

Mr,  Bell  replied  that  he  had  not  had  sufficiently  long  experience 
of  the  rolling  packing  i-ing  to  ascertain  its  durability,  having  found 
the  meter  was  not  satisfactory  in  accuracy  of  measurement. 

Mr.  Chrimes  remarked,  as  the  maker  of  the  meter,  that  the 
specimen  exhibited  by  Mr.  Bell  had  been  made  on  the  old  pattern  at 
an  earlier  period  of  the  manufacture,  and  many  improvements  in 
detail  of  construction  had  been  introduced  since  that  time  ;  the  drum 
was  now  made  of  stamped  corrugated  metal,  and  considerably  lighter, 
and  being  well  balanced  all  round  it  was  probable  that  the  spindle 
barely  touched  the  sides  of  the  socket  at  a  high  velocity  of  rotation, 
coming  in  contact  with  the  socket  only  at  a  slower  speed.  The 
bearings  of  the  spindle  were  now  increased  to  nearly  3  times  the 
original  length,  in  order  to  prevent  the  slight  wear  that  was 
perceptible  in  the  old  specimen  that  had  been  exhibited.  He  might 
mention  an  unusual  experiment  that  he  had  recently  made,  which 
showed  the  applicability  of  the  meter  to  the  smallest  pressures  ;  in 
this  case,  the  Lancashire  and  Yorkshire  Railway  Company  required 
a  meter  to  measure  water  out  of  a  canal  into  a  reservoir,  which  when 
full  was  level  with  the  canal,  and  there  was  found  to  be  a  variation 
of  measurement  of  only  2  per  cent.,  when  the  difference  of  level  was 
reduced  to  only  3  inches,  showing  the  correctness  of  measurement 
under  a  head  of  water  of  only  3  inches  as  well  as  under  one  of 
150  feet., 

Mr.  Bell  said  he  had  tried  a  somewhat  similar  experiment  with 
a  2  inch  meter,  causing  1000  gallons  of  water  to  pass  through  it, 
first  in  16  minutes,  then  the  same  quantity  in  2|  hours,  and  lastly 
the  same  quantity  in  16  hours,  and  under  these  great  variations  in 
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tho  velocity  of  thi«  wntcr  the  meter  repigtered  only  13  pnllons  Iom 
than  the  cttrrect  amount  3'»00,  biiiif^un  error  of  \vsh  tlinn  [  per  cent, 
and  in  favour  of  the  eonsunjer. 

The  CuAlltMAN  enqnirtnl  wlmt  oil  wqh  UHfd  to  lubricuto  the  Hpindio 
of  the  drum,  a  nuitfriiil  being  recjuired  that  would  continue  uniformly 
liquid,  and  he  thouj^ht  common  oil  would  not  answer  in  this  re»iK.*ct. 

Mr.  Siemens  naid  that  common  oil  wiw  not  huituble,  but  any  oil 
might  be  used  that  was  not  acid,  so  tm  not  to  act  upon  tho  braaswork  ; 
pure  olive  oil  and  neat's  fi)ot  oil  answered  well,  or  tho  oil  extracted 
from  peat.  As  a  further  precaution  against  corrosion  the  brasswork 
waa  tinned,  and  tho  success  of  the  result  wa«  shown  in  the  meter 
exhibited  by  Mr.  Bell,  which  he  had  not  seen  before,  and  in  which 
there  was  scarcely  any  wear  after  two  years'  work.  This  result 
might  appear  remarkable,  considering  tho  high  velocity  of  the  drum, 
but  he  thought  that  the  higher  tho  velocity  tho  less  wear  there  would 
be  upon  the  bearings,  because  the  drum  would  spin  round  in  the 
manner  of  a  top  or  gyroscope  and  require  in  that  state  no  lateral 
support  whatever. 

ilr.  CiiKiMES  remarked  that  the  oil  was  not  required  to  lubricate 
the  spindle,  but  was  necessary  merely  to  prevent  the  water  entering 
that  part  of  the  meter  and  producing  a  calcareous  deposit  on  the 
bearing  of  tho  spindle  ;  this  purpose  was  indeed  now  etiected  with 
equal  success  by  employing  distilled  water,  but  he  preferred  to 
continue  using  oil. 

The  Chairman  thought  the  practical  information  that  had  been 
given  in  relation  to  the  subject  was  very  valuable  ;  and  the  meter 
described  in  the  paper  reflected  great  credit  on  the  skill  and 
perseverance  of  Mr.  Siemens. 

He  proposed  a  vote  of  thanks  to  Mr.  Siemens  for  his  paper, 
which  was  passed. 


The  CnAiRUAN  announced  that  the  next  Meeting  of  the  Institution 
would  be  a  Special  ifoetiug  in  Glasgow,  on  Wednesday,  17th 
September,  and  it  wiis  intended  to  be  the  commencement  of  regular 
periodical  meetings  in  that  place. 
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The  Glasgow  Meeting  Lad  been  taken  up  with  great  spirit  by 
many  gentlemen  in  that  city,  who  seemed  determined  to  give  a 
cordial  reception  to  the  English  engineers  ;  and  he  hoped  as  many  as 
possible  of  the  Members  would  make  a  point  of  being  present. 

It  was  proposed  to  hold  the  regular  Manchester  Meeting  in 
December,  as  before ;  and  next  year  to  hold  another  meeting, 
probably  at  Newcastle,  in  addition  to  continuing  the  Glasgow 
Meeting. 

The  Meeting:  then  terminated. 
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PROCEEDINGS. 


SEPTEMnER  17  AND  18,  185G. 


The  Special  General  Meeting  of  the  Members  was  held  in  the 
Scottish  Kxhibitiou  Rooms,  Bath  Street,  Glasgow,  on  Wednesdaj, 
September  17th,  185G  ;  Joseph  Whitworth,  f".SQ.,  President,  in  the 
Chair. 

The  Secretary  read  the  Minutes  of  the  last  General  Meeting, 
■which  were  confirmed. 


The  President  then  delivered  the  following  opening  address: — 

ADDRESS  OF  THE  PRESIDENT. 

Gentlemen, — This  being  the  first  time  I  have  taken  the  chair 
since  you  did  me  the  honour  to  elect  me  your  President  for  the 
present  year,  I  propose  to  address  you  shortly  on  a  few  topics  more 
or  less  connected  with  our  profession  of  mechanical  engineering. 
But  first,  let  me  express  my  gratification,  and  I  am  sure  that  of  my 
fellow-countrymen,  in  thus  meeting  our  northern  friends  in  this 
important  city  of  the  mechanical  arts.  Formerly  it  was  said  of  the 
Scotch  mechanic,  that,  once  south,  he  never  crossed  the  Tweed  a 
second  time;  but  the  science  with  which  we  are  so  immediately 
connected  has  so  shortened  time  and  distance,  that  those 
circumstances  are  changed ;  for  now  lie  no  longer  has  occasion  to 
bid  good  bye  to  his  native  land,  but,  thanks  to  railways,  the  penny 
post,  and  the  electric  telegi-aph,  can  keep  up  his  family  connections, 
and  return  occa.sionally  to  see  those  who  aix'  dear  to  him,  and  to 
enjoy  the  scenes  of  his  early  recollections. 


126  president's  address. 

The  city  of  Glasgow  is  peculiarly  interested  in  the  mechanical 
arts,  for  the  minei-als  for  making  iron  are  found  in  great  abundance 
in  this  locality  ;  indeed  it  is  to  this  neighbourhood,  more  than  to 
any  other,  that  the  world  is  indebted  for  the  cheapest  and  most 
abundant  supply  of  iron.  Here,  too,  that  metal  is  converted  into  a 
great  variety  of  machinery.  There  are  large  manufactories  of  the 
steam  engine — fixed,  marine,  and  locomotive.  Cotton  manufacturing 
and  various  other  kinds  of  machinery  are  also  made  here  in 
considerable  quantities.  With  such  links  of  connection  amongst 
us,  I  trust  that  this,  our  first  meeting  in  this  city,  may  be  the 
forerunner  of  many  others,  and  that  we  shall  add  many  valuable 
members  to  our  Institution. 

With  regard  to  the  manufacture  of  malleable  iron  and  steel,  it 
was  with  great  gratification  that  I  read  the  account  of  Mr.  Bessemer's 
invention,  so  beautiful  and  simple  as  apparently  to  leave  nothing 
further  to  be  desired  in  that  part  of  the  process.  I  need  not  tell 
you  of  what  vast  importance  it  must  be  to  those  who  are  more 
immediately  connected  with  those  branches  of  mechanics  requiring 
nicety  of  workmanship,  to  have  iron  and  steel  of  a  better  quality. 
1  may  mention  that  in  making  rifle  barrels  for  the  experiments 
which  I  have  undertaken  for  the  Government,  one  of  the  greatest 
difficulties  I  encounter,  in  attaining  the  degree  of  accuracy  that  I 
require,  arises  from  the  defects  in  the  iron.  What  we  want  is  iron 
of  great  strength,  free  from  seams,  flaws,  and  hard  places.  Inferior 
iron  (with  the  use  of  other  defective  and  improper  materials)  is 
perhaps  the  main  cause  of  one  of  the  greatest  errors  committed  in 
the  construction  of  whatever  in  mechanism  has  to  be  kept  in  motion. 
I  mean  the  increase  of  size  of  the  parts  of  a  machine  or  carriage,  in 
order  to  get  strength,  thereby  adding  weight  until  they  are  considered 
to  be  strong  enough.  In  our  vehicles  of  draught  and  carriages 
this  is  strikingly  the  case.  Now  this  ought  not  to  be.  Lightness  is 
the  thing  to  aim  at,  and  safety  should  be  sought  in  the  elasticity, 
form,  and  good  quality  of  the  material.  Should  a  carriage  be  found 
to  twist  and  get  out  of  form,  that  would  be-  a  proof  of  its  being  too 
light.  But  to  prevent  a  carriage  breaking  down  by  increasing  the 
size  of  its  parts,  and  thereby  adding  weig-ht,  is  mechanically  wrong. 
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Indeed  it  is  quito  difitresHiug  to  boo  the  enormouH  weight  of  oar 
carriu^'S,  particularly  those  drawn  by  animal  power.  It  shouUl  bo 
nn  axiom  in  mechanics,  that  whatever  has  motion  Hhould  be  aa  hght 
a«  circumstftnct's  will  admit ;  and  this  applies  eciimlly,  whatever  the 
source  of  pi»wer  may  be,  whether  the  motion  is  pi-oduced  by  human, 
horse,  or  steam  power. 

I  would  next  call  your  special  attention  to  the  vast  importance 
of  attending  to  the  two  great  elements  in  constructive  mechanics, — 
namely,  a  true  plane  and  the  puwet  of  meniiureviciit.  The  latter 
cannot  be  attained  without  the  former,  which  is  therefore  of  primary 
importance;  and  its  accomplishment  is  so  easy  and  so  simple  as  to 
leave  without  excuse  any  establishment  neglecting  to  secure  it.  It 
i'^  necessary  to  make  three  planes  in  order  to  obtain  a  perfect  one, 
;ind  cast  iron  is  the  best  material  generally  to  use.  Whatever  the 
size  of  the  plane  required,  the  tripod  form  is  absolutely  essential  for 
its  support ;  and  the  strengthening  ribs  must  be  placed  with  reference 
to  the  supports.  I  cannot  impress  too  strongly  on  the  members  of 
the  Institution,  and  upon  all  in  any  way  connected  with  mechanism, 
t  he  vast  importance  of  possessing  a  true  plane,  as  a  standard  for 
icft'reneo.  All  excellence  in  workmanship  depends  upon  it.  I  may 
mention  that  it  was  at  the  meeting  of  the  British  Association  held 
in  Glai^gow  in  1840  that  I  read  a  paper  on  the  mode  of  produciiig  a 
true  plane,  to  which  I  would  refer  those  desiring  information  on  the 
subject. 

Next  in  importance  to  a  true  plane  is  the  power  of  measurement. 
I  have  brought  with  me,  for  your  inspection  at  the  close  of  the 
meeting,  a  small  machine,  by  which  a  diiference  in  length  of  the 
one-millionth  part  of  an  inch  is  at  once  detected.  The  principle  is 
that  of  employing  the  sense  of  touch,  instead  of  sight.  If  any 
object  be  placed  between  two  parallel  true  planes,  adjusted  so  that 
the  hand  can  just  feel  them  in  contact,  you  will  find,  on  moving  the 
planes  only  the  50-thousandth  of  an  inch  nearer  together,  that  the 
object  is  distinctly  tighter,  requiring  greater  foi-ce  to  move  it  between 
them.  In  the  machine  before  you,  the  object  to  be  measured  is  the 
standard  inch,  in  the  form  of  a  small  square  bar,  both  ends  being 
true  planes ;  and  in  this  case,  in  order  to  measure  with  the  utmost 
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accui'acy,  a  thin  flat  piece  or  bar  is  introduced,  having  its  two  sides 
made  also  pei-fect  planes.  This  is  placed  between  the  inch  bar  to  be 
measured  and  one  of  the  end  surfaces  of  the  machine.  This  thin 
bar,  which  I  name  the  gravity  piece,  is  brought  into  contact  with 
the  two  planes,  so  as  just  to  allow  it,  on  being  raised,  to  fall  by  its 
gravity ;  and  you  will  find  that,  by  bringing  the  planes  into  closer 
contact  by  even  the  one-millionth  of  an  inch,  the  gravity  piece  will 
be  suspended,  friction  overcoming  its  gravity.  This  machine,  and  a 
larger  one,  are  used  for  making  standards  of  length.  When  the 
standard  yard,  which  is  a  square  bar  of  steel,  is  placed  in  the  larger 
machine,  and  the  gravity  piece  adjusted  so  as  just  to  fall  by  its  weight, 
the  heat  imparted  from  the  slightest  touch  of  the  finger  instantly 
prevents  its  fall,  thus  showing  the  lengthening  of  the  bar  by  so 
small  an  amount  of  heat  as  that  I  have  indicated.  We  have 
therefore  in  this  mode  of  measurement  all  the  accuracy  we  can 
desire ;  and  we  find  in  practice  in  the  workshop  that  it  is  easier  to 
work  to  the  ten-thousandth  of  an  inch  from  standards  of  end 
measure,  than  to  the  one-hundredth  of  an  inch  from  the  lines  on  a 
two-foot  rule.  In  all  cases  of  fitting,  end  measures  of  length  should 
be  used,  instead  of  lines. 

This  question  of  correct  measurement  is  in  immediate  connexion 
with  another,  which  will  repay  all  the  attention  that  can  be  given 
to  it,  and  I  think  there  is  no  subject  that  can  be  more  profitably 
discussed  amongst  us ; — I  mean  that  of  proper  gradations  of  size  in 
all  the  various  branches  of  the  mechanical  arts.  I  think  no  estimate 
can  be  formed  of  our  national  loss  from  the  over-multiplication  of 
sizes.  Take  for  instance  the  various  sizes  of  steam  engines — 
stationary,  marine,  and  locomotive.  In  the  case  of  marine  engines, 
the  number  of  sizes  up  to  100  horse  power  will  probably  not  be  short 
of  thirty,  where  ten  perhaps  would  be  ample.  If  so,  look  at  the 
sums  expended  in  patterns,  designs,  and  in  the  number  of  tools  for 
their  manufacture.  Nor  is  this  all ;  for  if  there  were  only  ten  sizes 
instead  of  thirty,  there  would  be  three  times  the  number  made  of 
each  pattern ;  and,  as  you  know,  the  very  soul  of  manufacture  is 
repetition.  By  attention  to  this,  the  shipowner  would  be  benefited 
by  getting  a  better  engine  at  a  less  price.     In  the  case  of  locomotives 
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and  cnrria^'os,  I  would  urjjo  tho  subject  on  tho  att«utiun  of  our 
ineinberH,  the  enjfineors  of  tlio  prcat  lines  of  railway — the  Ixnidun 
and  Nt»rth  Western,  tho  Midhind,  the  Great  Northern,  for  iuHtauce. 
I  hope  tlicy  will  porniit  mo  to  su^^^eHt  thut  they  nhould  coutiidor  and 
determiuo  not  only  tho  fewest  posniblu  uumL>er  of  hues  of  engines 
and  ciirriti'^es  tliat  will  suffice,  but  also  how  every  hingle  piece  may 
have  strictly  delined  dimensions.  This  question  is  also  well  worthy 
tho  attention  of  our  architects  and  builders.  Suppose,  for  instance, 
that  the  principal  windows  and  doors  of  our  houses  were  made  only 
of  three  or  four  ditlereut  sizes.  Then  wo  should  have  a  manufactory 
start  up  for  making  doors,  without  reference  to  any  particular  house 
or  builder.  They  would  bo  kept  in  stock,  and  made  with  the  best 
machinery  and  contrivances  for  that  particular  branch  ;  consequently, 
we  should  have  better  doors  and  windows  at  the  least  possible  cost. 
Our  friends  across  tho  Atlantic  manage  matters  in  connexion  with 
their  buildings  much  better  than  at  present  wo  do. 

I  hope  the  members  of  this  Institution  will  join  me  in  doing 
what  we  can  with  reference  to  those  two  important  subjects — 
correct  measurement,  and  its  corollary,  proper  gradations  of  size. 
The  want  of  more  correct  measurement  seems  to  pervade  everything. 
Take  for  instance  the  case  of  the  common  brick,  which  ought  to  be 
three  inches  thick.  Who  is  there  that  has  made  an  addition  to  a 
building  who  has  not  felt  inconvenience  from  the  irregularity  of 
size  ? — the  new  brick  being  perhaps  too  tbick,  and  so  not  allowing 
sufficient  mortar  to  be  used ;  or  too  thin,  and  retjuiriug  too  much 
mortar. 

Perhaps  one  of  the  most  etlectual  means  that  could  be  adopted, 
in  the  tirst  instance,  to  remedy  this  unsatisfactory  state  of  things, 
would  be  for  the  Government  to  supply  corporate  bodies  with  proper 
standards  of  length — such  as  the  inch,  the  foot,  and  the  yard.  The 
corporate  bodies  themselves  might  then  have  their  own  standards  of 
size,  founded  on  these,  and  made  to  suit  the  particular  wants  of  tho 
different  trades  in  tho  hicality.  The  only  standard  of  length  at 
present  supplied  by  the  Government  and  kept  by  the  cor|>orato 
bodies  is  the  standard  yard,  but  there  is  so  little  attention  paid  to 
accuracy,  that  to  the  engineer  and  machinist  it  ia  not  of  the  slightest 
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use,  and  is  only  employed  to  adjust  yai'd  sticks  for  measuring  woven 
goods. 

There  is  also  another  subject  which  bears  upon  this  question, 
and  which  has  lately  been  brought  before  the  Legislature — that  of 
decimalising  weights  and  measures.  There  can  be  no  doubt  of  the 
beneficial  results  that  would  follow  the  passing  of  such  a  measure. 
There  may  be  a  difference  of  opinion  as  to  what  the  unit  or  integer 
'  of  lineal  measure  should  be  ;  but  I  am  of  opinion  that  it  should  be 
the  inch,  for,  from  the  accuracy  witli  which  we  can  now  measure 
that  length,  there  would  be  no  difficulty  in  determining  and  fixing 
the  length  of  its  multiples.  The  most  important  divisions  of  length 
in  mechanism  are  those  of  parts  of  an  inch,  and  if  the  length  of  the 
inch  were  altered  it  Avould  cause  much  confusion.  Small  accurate 
standards  of  length,  of  the  decimal  parts  of  an  inch,  would  be  of 
much  service  to  some  trades.  There  is  now  no  standard  of  appeal ; 
and  the  different  wire  and  other  gauges  differ  so  considerably,  that 
the  manufacturer,  in  the  case  of  small  wire  and  sheets  of  metal,  has 
to  send  a  sample  of  what  he  wants,  there  being  no  means  of  correctly 
expressing  its  size. 

Although  I  have  said  so  much  to  you  with  reference  to  the 
desirableness  of  farther  improvement  and  greater  perfection  in  the 
mechanical  arts,  I  congratulate  you  on  the  success  which  in  our  time 
they  have  attained,  and  the  high  consideration  in  which  they  are 
held.  Inventors  are  not  now  persecuted  as  formerly  by  those  who 
fancied  that  their  inventions  and  discoveries  were  prejudicial  to  the 
general  interest,  and  calculated  to  deprive  labour  of  its  fair  reward. 
Some  of  us  are  old  enough  to  remember  the  hostility  manifested  to 
the  working  of  the  power-loom,  the  self-acting  mule,  the  machinery 
for  sheaving  woollen  cloth,  the  thrashing  machine,  and  many  others. 
Now,  the  introduction  of  the  reaping  and  mowing  machine  and  other 
improved  agricultural  machinery  is  not  opposed.  Indeed  it  must  be 
obvious  to  reflecting  minds  that  the  increased  luxuries  and  comforts 
which  all  niore  or  less  enjoy  are  derived  from  the  numerous  recent 
mechanical  appliances  and  the  production  of  our  manufactories. 
That  of  ou.r  cotton  has  increased  during  the  last  few  years  in  a 
wonderful  degree.  In  1824,  a  gentleman  with  whom  I  am  acquainted 
sold  on  one  occasion  one  hundred  thousand  pieces  of  74  reed  printing 
cloth  at  30s.  6d.  per  piece  of  29  yards  long ;  the  same  description  of 
cloth  he  sold  last  week  at  3s.  9d.  One  of  the  most  striking  instances 
I  know  of  the  vast  superiority  of  machinery  over  simple  instruments 
used  by  the  hand  is  in  the  manufacture  of  lace,  where  one  man  with 
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A  machine  does  ihu  work  of  8OOO  luceumkerM  un  tlio  coAhiou.  lu 
spimiiiij^  line  uuiuImts  of  yarn,  a  workman  on  a  -   '  II 

do  thi*  work  of  o(.m.»'»  hand  hjiiunerj*  with   tin-  1:  .         '  » 

Aud  thtro  arc  other  strikin^^  fueU  of  a  Kimilar  kind  moutiouod  iu  my 
report  on  tho  New  York  Iiulustrial  Exhibition. 

Conipanitively  few  perhuns,  perhaps,  are  uwaro  of  the  increase 
of  pnuluctioD  during  our  lifetime.  Thirty  years  ago,  the  co«t  of 
labour  for  trueing  a  surface  of  caKt  iron,  by  chipping  and  ftling  %virh 
the  hand,  was  128.  per  square  foot;  the  same  work  is  now  done  by 
the  planing  machine  at  a  cost  for  labour  of  less  than  Id.  jK-r  Mjuaro 
foot,  and  this,  as  you  know,  is  one  of  the  most  important  oi>cration8 
in  mechanics.  It  is  therefore  well  adapted  to  illustrate  what  our 
pn>gres.s  hus  been.  At  the  same  time  that  thi.s  increased  production 
is  taking  place,  the  fixed  capital  of  the  country  is,  as  a  necessary 
consequence,  augmented ;  for,  in  the  case  I  have  mentioned  of 
chipping  and  filing  by  the  hand,  when  the  cost  of  labour  was  I'Js. 
per  foot,  the  capital  required  for  tools  for  one  workman  was  only  a 
few  shillings;  but  now  the  labour  being  lowered  to  Id.  per  foot, 
a  capital  in  planing  machines  for  the  workman  is  required,  which 
often  amounts  to  £500,  aud  iu  some  cases  more.  This  large  outlay 
of  capital,  invested  in  machinery  to  increase  production,  makes  it 
impossible  to  curtail  the  hours  of  working  machinery  as  much  as 
could  be  desired.  In  some  cases  two  sets  of  workpeople  have  been 
employed  in  relay.«!,  each  working  eight  hours  a  day  ;  and  this  system 
perhaps  may  iu  time  be  extended,  although  it  is  attended  with  certain 
inconveniences.  If  however  the  relay  system  could  be  so  improved 
and  organised  as  to  allow  more  time  fur  the  better  education  of 
young  operatives,  none  would  more  cordially  rejoice  than  myself. 
I  believe  that  mechanics,  though  a  mere  material  power  in  itself, 
may,  if  rightly  used,  become  a  moral  lever,  by  which,  like  Archimedes 
of  old,  we  may  seek  to  raise  the  world. 

There  is  at  the  present  time  a  very  gratifying  circumstance  in 
connexion  with  the  extension  of  machinery;  namely,  the  large 
remuneration  which  the  operatives  receive  compared  with  those  who 
perform  hand  labour  without  the  help  of  machinery.  I  would  here 
mention,  with  reference  to  the  amount  of  wages  paid  to  the  operative, 
that  it  does  not  depend  solely  on  the  master  manufacturers  of  this 
country,  but  is  governed  in  some  measure  by  what  is  paid  by  the 
manufacturers  of  other  countries  who  are  in  comiK'tition  with  our 
owTi.  Wlien  iu  America  in  1853,  I  found  that  the  American 
operatives  received  somewhat  more  wages  than  are  paid  iu  this 
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country  ;  but  tliey  worked  much  longer  hours,  although  the  climate, 
during  some  parts  of  the  year,  is  so  unfavourable.  These  longer 
hours  enable  the  American  manufacturer  to  turn  over  his  capital 
more  frequently. 

This  question  of  increased  pi-oduction,  with  which  we,  as 
mechanical  engineers,  are  so  identified,  is  so  entirely  dependent  on 
the  power  of  the  people  to  consume,  that  I  hope  I  shall  be  excused 
in  adverting  to  it.  Our  yearly  exports  now  amount  to  about  a 
hundred  millions  sterling,  having  doubled  in  a  short  time,  while  our 
home  productions  have  been  greatly  increased  from  the  same  cause, 
namely,  the  increased  ability  of  our  people  to  consume.  As  a 
general  principle  it  would  seem  to  be  far  better  to  levy  a  small 
impost  on  the  entire  wealth  of  an  individual  rather  than  to  fasten  a 
tax  on  particular  objects,  which  if  produced  would  constitute  wealth, 
but  which  are  not  made  because  of  the  threatened  impost.  The 
remaining  duty  on  carriages  seems  to  me  to  be  one  of  this  description. 
Were  there  no  tax,  almost  every  one  who  keeps  one  carriage  would 
keep  more,  while  large  numbers  would  have  one  who  now  have  none. 
By  their  use  locomotion  would  be  increased  threefold,  and  hence 
much  valuable  time  would  be  saved.  Besides,  what  a  number  of  the 
best  description  of  artisans  would  be  called  into  existence  for  their 
manufacture — a  class,  too,  who  are  well  able  to  turn  their  hand,  in 
cases  of  necessity,  to  other  employment.  If  therefore  it  is  desirable 
for  a  nation  to  possess  wealth  in  carriages,  it  is  a  mistake  for 
legislation  to  prevent  it. 

Formerly,  when  the  wealth  of  a  nation  was  produced  as  it  were 
by  hand  labour,  a  different  state  of  things  existed  to  that  of  the 
present  day.  As  I  have  shown,  our  means  of  production  are  now 
increased  in  some  cases  more  than  a  hundred,  and  in  others  more 
than  a  thousand  fold ;  and  this  will  go  on  just  in  proportion  as  the 
masses  of  our  people  are  able  to  consume  larger  quantities  of 
everything  that  they  require.  When  the  farm  labourer  pays  less  for 
his  sugar  find  tea,  more  meat  will  be  consumed  (which  again  goes  to 
improve  the  land) ;  also  more  wool  for  our  manufactures. 

In  this  wonderful  power  of  producing  wealth  which  now  exists, 
none  can  be  more  interested  and  benefited  than  the  proprietors 
of  the  land.  A  striking  proof  of  this  is  given  by  its  increased 
value  in  the  manufacturing  counties,  and  for  miles  adjoining  our 
manufacturing  towns.  The  competition  too  of  our  manufacturers 
and  merchants  to  become  possessors  of  land  is  shown  by  the  small 
rate  of  interest  with  which  they  are  satisfied  for  the  outlay  of  their 
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capital  on  the  soil.  Tho  propriotors  of  liitid  mny  rost  MHurcd  that, 
iu  tlio  future  dovelopjiieut  of  mechanical  imj)roveraent«,  none  will  bo 
xnoro  benotitod  than  tluMoselves.  1  do  not  hcHitato  to  Hay  that  all 
harvest  operations  on  land  properly  laid  down  will  very  hhortly  l)o 
perforniod  in  one-fourth  the  time  required  with  the  hand  lal>our  now 
expended,  by  the  farther  application  of  machines  worked  by  horso 
power.  This  is  my  conviction,  boKed  upon  tho  experience  I  have  had 
in  the  successful  workinjj  of  tho  niachino  I  constructed  for  sweeping 
the  streets,  and  at  tho  same  time  tilling  tho  cart,  by  horso  power. 
By  tho  combined  aid  of  mechanical  improvements  and  the  science 
of  chemistry,  together  with  tho  greater  skill  of  our  modern 
agriculturists,  tlio  culture  of  tho  land  throughout  Great  Britain 
must  more  and  more  approximate  to  that  of  a  garden. 

We  havo  seen  tho  effect  of  tho  repeal  of  the  duties  on  gla.«!3  and 
bricks,  in  tho  improved  appearance  and  reduced  cost  of  residences, 
and  a  still  further  benefit  may  be  expected  to  result  from  the 
removal  of  the  remaining  duty  on  timber.  While  therefore  we 
congratulate  ourselves  on  the  great  results  which  the  mechanical 
art.s  have  achieved,  we  have  every  reason  to  be  thankful  tliat  t)ur 
legislators  have  removed  so  many  impediments  to  our  progress. 
The  glorious  fruits  of  the  legislative  labours  of  that  great  and  good 
man,  Sir  R.  Peel,  may  give  us  hope  that  the  time  is  not  far  distant 
when  all  remaining  obstacles  of  this  kind  will  be  swept  away.  When 
that  period  has  arrived,  and  when  the  industry  of  this  country  has 
been  systematised  upon  sound  principles  of  economical  science,  and 
in  each  department  carried  nearer  to  those  standards  which,  iu  the 
case  of  mechanics,  I  have  endeavoured  to  indicate,  we  shall  have  less 
reason  than  at  present  to  doubt  the  stability  of  our  manufacturing 
pre-eminence. 


Mr.  Fairbairn  moved  a  vote  of  thanks  to  the  President  for  his 
able  and  appropriate  address,  which  was  passed. 


The  following  Paper,  by  Mr.  Robert  llarvty,  of  Gla.<!gow,  was 
then  reail : — 

T 


134-  STEAM   RIVETTING   MACHINE. 

DESCRIPTION"  OF  AN  IMPROVED  STEAM  RIVETTING, 
PUNCHING  AND  SHEARING  MACHINE. 

In  the  manufacture  of  steam  boilers,  tlie  operation  of  rivetting  is 
mostly  effected  by  hand  labour,  and  in  order  to  bring  the  heads  of 
the  rivets  to  a  proper  form  and  finish,  much,  of  the  hammering  takes 
place  when  the  rivet  has  approached  to  a  nearly  cold  state,  the 
tendency  of  which  is  to  destroy  to  a  certain  extent  the  fibrous 
character  of  the  rivet.  The  case  of  a  rivet  head  starting  off"  under 
the  operation  of  proving  the  boiler,  although  seldom  occurring,  has 
revealed  the  fact  that  a  crystalline  character  must  be  more  or  less 
assumed  by  the  iron  in  all  rivets  worked  in  the  usual  manner ;  and 
hence,  besides  aiming  at  economy  by  the  use  of  steam  for  rivetting, 
it  is  very  desirable  that  the  rivets  should  be  finished  in  as  short  a 
time  as  j^ossible,  and  without  that  succession  of  blows  by  which  the 
fibrous  character  of  iron  is  always  more  or  less  injured. 

Steam  rivetting  machines  are  not  a  recent  invention  ;  they  have 
been  tried  and  abandoned  in  some  cases,  from  their  complexity  and 
liability  to  derangement.  Other  machines,  in  which  a  cam  moved 
through  a  fixed  distance,  acting  through  a  combination  of  levers, 
having  always  a  fixed  distance  for  the  travel  of  the  rivetting  die, 
have  lost  favour  from  being  unable  to  adapt  themselves  to  irregularities 
in  the  lengths  of  rivets,  which,  must  of  necessity  occur  at  the  junction 
of  plates,  where  "three  plies"  are  used,  and  in  the  general  work, 
when  the  rivets  are  not  absolutely  correct  in  length.  In  other  steam 
rivetting  machines  that  ai'e  called  direct-acting,  which  have  deservedly 
been  well  received,  a  very  high  pressure  of  steam,  50  lbs.  per  square 
inch,  is  used,  requiring  in  most  cases  a  separate  boiler  for  the 
machine,  or  a  greatly  increased  size  of  steam  cylinder,  and  consequent 
augmentation  of  price. 

In  the  machine  now  described,  the  joint  invention  of  the  late 
Mr.  Whitelaw  and  the  author,  and  manufactured  under  the  author's 
immediate  superintendence,  the  three  essential  processes  of  boiler 
making, — punching,  shearing,  and  rivetting — are  efi"ected  by  one 
steam  cylinder,  and  in  one  frame. 
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Tho  macliiiiu  in  shown  iit  Figii.  1  and  2,  PUto  GC. 

Fig.  1  in  au  und  elvvatiou  of  tbu  macbiuo,  and  Fi^.  2  a 
loiif^itudiual  scctiou  thruu^h  tho  utcam  cyliudcr. 

Thu  btoam  cyliiulur  A,  Fig.  '2,  in  15  iuehcM  diamcU'r,  aiid  baa  a 
stroke  of  24  iuchea;  thu  pintou  U  baa  a  truuk  C  attached  to  it,  by 
iiKiiiis  of  which  tht«  piston  rod  I)  bus  room  to  hc<-  "o  ili»t.-If  to 

the  travel  of  the  mdiutiiig  lever  E,  to  which  it  in  uii :.  —  uy  u  btruug 

|>iu  joints  This  lever  h&a  an  eyu  F  forming  an  eccentric,  to  which 
the  blido  G  carrying  the  rivuttiug  die  in  attached  by  a  btrap  of 
cunsidcmblu  breadth,  so  that  the  whole  working  prchsure  may  be 
.listributed  over  u  hurfuco  of  great  extent;  consetjuently  in  the 
juvsent  machine,  after  nearly  twelve  months'  constant  work,  no 
perceptible  wear  is  exhibited. 

The  wrought  iron  Bhaft  H,  upon  which  the  lever  E  is  securely 
keyed,  is  G^  inches  diameter,  and  works  in  long  and  truly  bored 
l>eariiig8  in  the  frame.  One  end  of  the  shaft  works  the  punching 
.-lider  I  by  a  pin  turned  eccentrically  so  as  to  give  the  necehiiary 
travel;  the  other  end  workh  the  shearing  slider  K  in  a  similar 
manner.     The  shears  and  punch   travel  1|  inch,  and  the  rivetting 

(ill.-  ;i1m.ii;    n   il.rl.r.s. 

I:  h;i>  ii'A  1 1.1.11  thought  advisable  to  render  the  machine  entirely 
self-acting;  it  lb  started  and  stopped  by  hand  for  every  stroke. 
l>erformed.  The  steam  is  used  only  during  the  "  up  "  or  effective 
^-t^oke,  the  weight  of  the  piston,  truuk  and  radiating  lever  being 
>utiicient  to  bring  the  piston  to  the  bottom  of  the  cylinder.  Between 
the  bottom  of  the  cylinder  and  the  piston,  a  portion  of  the  exhaust 
-leum  is  retained  a&  a  cushion,  by  which  the  piston  and  all  the  parts 
cauuectcd  with  it  are  softly  brought  to  rest ;  this  i^  efl'ected  by  a 
self-acting  arrangement  of  levers  L,  in  connection  with  the  eye  F  of 
the  radiating  lever. 

The  steam  used  in  this  machine  is  not  more  than  20  lbs.  per  square 
mch  pressure;  but  through  the  intervention  of  the  lever  arm  the 
power  is  sufficient  to  punch  a  f  inch  hole  through  a  |  inch  phite. 
Tiie  htoam  valve  M,  Figs.  3  and  4,  is  an  equilibrium  valve,  consisting 
of  u  double  piston  with  metallic  packing,  the  steaim  being  admitted 
to  preas  upon  each  end  of  the  valve,  and  the  discharged  steam  paaaing 
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out  round  the  centre ;  being  perfectly  balanced,  this  valve  is  moved 
at  each  stroke  with  the  greatest  ease  and  accuracy. 

In  punching,  the  plate  is  moved  along  the  bolster  N  till  the  mark 
is  in  the  proper  position ;  the  steam  valve  is  th-en  slightly  lifted,  and 
the  hole  is  instantly  punched  with  a  very  small  expenditure  of  steam. 
The  steam  is  shut  off  the  moment  the  punch  is  seen  to  strike  the 
plate,  a  sufficient  quantity  of  steam  having  been  by  that  time  admitted 
to  complete  the  work ;  the  resistance  of  punching  the  hole  and  the 
weight  of  the  piston  and  lever  overcome  the  force  of  the  steam  when 
about  two-thirds  of  the  stroke  has  been  pei-foi'med,  and  the  piston 
then  returns  to  the  bottom  of  the  cylinder,  ready  for  the  next  stroke, 
the  time  for  which  is  seen  by  the  man  in  charge  of  the  machine,  and 
the  stroke  is  effected  at  the  instant  required.  A  great  economy  of 
time  arises  from  the  circumstance  that  the  punch  is  not  limited  to  a 
fixed  number  of  strokes  per  minute,  but  can  be  worked  at  any  rate 
that  may  be  required  to  suit  accidental  variations  in  the  work.  The 
time  in  which  work  can  be  done  is  limited  only  by  the  men  working 
the  machine.  Thirty  ^^  inch  holes  can  be  punched  in  a  -^  inch  plate 
in  one  minute,  and  in  rivetting  8  to  10  rivets  can  be  put  in  in  the 
same  time. 

A  decided  advantage  is  obtained  in  this  machine  by  the  eccentric 
motion  employed  to  move  the  rivetting  ram ;  for  as  the  full  side  of 
the  eccentric  approaches  its  extreme  point  in  the  centre  of  the  ram, 
a  continually  increasing  power  is  obtained,  the  greatest  power  being 
in  action  when  the  rivet  is  being  finished,  and  the  plates  by  this 
means  are  drawn  into  the  closest  contact. 

The  boiler  work  to  be  rivetted  is  suspended  in  the  position  shown 
in  Fig.  1,  from  a  strong  frame  of  simple  construction,  carried  by  two 
upright  standards,  which  rest  upon  knuckle  joints  at  the  bottom ;  the 
standards-  are  capable  of  complete  adjustment  by  means  of  two 
horizontal  beams,  having  their  ends  attached  near  to  the  top  of  the 
standards,  and  passing  through  a  wall,  with  racks  upon  their  other 
ends  gearing  into  pinions ;  by  turning  these  pinions  the  top  of  the 
frame  carrying  the  work  is  adjusted,  and  brought  into  the  required 
position  with  respect  to  the  stationary  die. 
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Thu  CiiAiitMAN  Kaid  that  tho  Mtran^>r8  present  were  invited  to 
tnko  {Mirt  in  tlio  iliBcuMiion  un  thu  puporti  that  were  read,  und  tho 
nuHjting  wuulil  ha  glad  to  hear  their  obbervutioiw,  and  hoiMxl  to 
receive  tho  benefit  of  their  opiuiun  and  piactiiul  ex|>erienee. 

He  thought  thu  ri vetting  machine  deiicribod  in  the  paper  that  liad 
juht  been  read  waa  well  worthy  of  attention,  and  enquired  how  many 
of  tho  maehineH  were  at  work. 

Mr.  IIauvky  replied  that  only  one  machine  of  tho  kind  had  yet 
been  constructed,  which  was  at  Mr.  Cook's  works  in  OlaHgow,  where 
it  had  been  working  satihfactorily  for  nearly  12  months,  and  had 
been  found  a  very  useful  and  advantageous  tool.  Ho  exhibited  a 
specimen  of  two  plates  rivettod  together  by  the  machine,  and  planed 
down  to  the  centre  of  the  rivets,  in  order  to  show  tho  perfection  of 
the  work. 

Mr.  Fairbairn  considered  there  was  a  great  advantage  in  machine 
rivetting  over  hand  rivetting;  the  niachine  rivets  were  finished 
whilst  hot,  and  the  contraction  in  cooling  was  sullicicnt  to  render 
the  joint  perfectly  steam  or  water  tight.  Great  economy  of  time  was 
also  eflecteil  by  the  machine,  as  twelve  rivets  might  be  closed  and 
finished  by  the  machine  in  the  time  required  to  finish  one  rivet  by 
the  hammer.  In  the  original  rivetting  machine,  provision  was  made 
for  different  lengths  of  rivets  and  diflerent  thicknesses  of  plates,  by 
means  of  a  wedge  behind  the  die,  which  was  drawn  up  or  lowered 
down  by  a  screw,  so  as  to  adjust  the  rivetting  die  to  a  variable  length 
of  stroke.  He  found  that  the  pressure  i-equired  to  form  a  rivet  head 
amounted  to  5  tons,  which  had  a  great  tendency  to  break  off  the 
standard  or  stem  of  the  machine;  and  in  one  niachine  three  stems 
had  been  broken  in  sixteen  years,  although  of  great  strength, 
affording  an  interesting  illustmtion  of  the  strength  of  materials 
when  subjected  to  a  long  series  of  changes  in  the  molecular 
construction;  even  a  wrought  iron  stem  8  or  10  inches  diameter 
had  been  broken.  In  the  direct-acting  steam  rivetting  machines 
however  tlie  strain  upon  the  muchiuo  could  never  exceed  tho  amount 
of  pressure  originally  designed  for  completing  the  rivet.  He  believed 
that  one  of  the  earliest  applications  of  power  to  rivetting  had  been 
made  by  himself,  and  tho  earliest  plan  comprised  only  a  lover  acted 
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on  by  a  cam,  in  a  manner  somewhat  similar  to  that  now  described, 
but  without  the  advantage  of  the  variable  length  of  stroke  given  by 
the  steam  piston,  which  he  considered  a  valuable  improvement. 
The  machine  now  described  presented  a  beautiful  and  excellent 
combination  of  the  two  principles  on  which  the  success  of  steam 
rivetting  depended, — a  variable  length  of  stroke  of  the  rivetting  die, 
and  sufficient  rapidity  of  execution  to  complete  the  rivet  while  hot ; 
and  the  addition  of  the  punching  and  shearing  appai-atus  made  it  a 
very  complete  tool. 

Mr.  Harvey  observed  that  a  pressure  of  5  tons  had  been  mentioned 
as  necessary  to  form  the  rivet  head ;  but  in  the  present  machine 
30  tons  pressure  was  obtained  at  the  end  of  the  stroke,  in  consequence 
of  the  proportion  of  the  lever  and  eccentric,  the  advance  of  the  die 
at  the  end  of  the  stroke  being  at  only  one  third  of  the  rate  at  the 
commencement.  As  the  result  of  this  heavy  pressure,  a  considerable 
difference  was  found  in  the  rivets  put  in  by  this  machine  compared 
with  those  put  in  by  ordinary  direct-acting  steam  rivetting  machines, 
the  heads  in  the  latter  case  being  round  and  open  at  the  edge,  whilst 
those  made  by  the  present  machine  were  quite  close  and  finished  all 
round,  in  consequence  of  the  great  nip  given  by  the  die  in  finishing 
the  rivet.  The  rapidity  of  the  work  with  this  machine  was  so  great 
that  three  rivets  put  in  by  it  would  remain  still  red  at  once.  In 
proving  boilers  a  slight  leakage  was  found  where  the  rivets  had  been 
put  in  by  hand,  but  none  at  all  where  they  had  been  put  in  by  the 
machine.  The  only  accident  that  had  occurred  with  the  machine 
since  starting  had  been  a  breakage  of  the  frame  bed,  which  consisted 
of  four  metal  webs  16  inches  deep  by  4  inches  thick ;  these  were 
broken  asunder  a  few  weeks  after  starting,  and  six  2^  inch  Low 
Moor  bolts  were  then  put  in  to  secure  the  fracture,  and  they  were 
found  quite  successful;  there  was  still  however  a  very  slight  yielding 
by  the  opening  of  the  joint  at  the  end  of  each  stroke,  but  this 
perhaps  saved  the  frame  from  a  further  breakage,  by  the  shght 
elasticity  that  was  allowed. 

Mr.  Fairbairn  remarked  that  Messrs.  Stephenson,  of  Newcastle, 
had  a  rivetting  machine,  in  which  the  rivets  were  made  by  the  same 
machine.     It  was  worked  by  an  eccentric  which  lifted  a  knuckle  or 
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elbow  joint,  hs  in  nn  ordinary  printing  prfi>«,  giving  an  action  BiroiUr 
to  tltat  in  tho  mnchino  that  had  boon  doHcriboil,  the  pretsnre 
itjcrfH.siii^'  townnlh  the  coniplotiou  of  thu  Htroke  ;  tho  prc»jcction  of 
thu  ilitt  wtus  adjuhti'd  to  thu  ihiclciiuKM  of  the  phit^^ii,  and  thin  plan 
had  boon  found  gatinfactory.  Machine  rivetting  waa  undoubtetlly 
Huperior  to  that  done  by  hand,  and  ho  hoped  it  would  soon  be  Htill 
further  improved  by  the  intrxuluction  of  portable  niachinofi 

Mr.  Fothkrqill  observed  that  the  eonieal  furni  of  head  in  hand 
rivetting,  arising  from  tho  mode  of  striking  with  tho  hammers,  waa 
inferior  in  strength  and  Bubstanco  to  the  round  headed  nuichinc 
rivet;  this  was  a  point  that  was  not  always  recuguised,  and  he  had 
known  cases  where  a  hand  rivetted  boiler  hud  been  thought  stronger, 
because  neater  in  the  apjiearauce  of  the  rivets,  but  waa  found  on 
trial  inferior  in  tightness  to  a  machine  rivetted  boiler. 

Mr.  Ramsbottom  asked  what  means  wei*o  adopted  to  prevent  the 
plunger  striking  the  end  of  the  cylinder  in  the  new  machine,  when 
the  resistance  was  suddenly  removed  in  punching  a  plate. 

Mr.  Hauvet  replied  that  tho  machine  was  regulated  by  hand 
without  ditHculty  ;  as  soon  as  the  man  saw  the  punch  strike  the 
plate,  he  then  suddenly  shut  off  the  steam,  enough  having  been  by 
that  time  admitted  to  complete  the  punching  of  tho  hole;  the 
power  of  the  steam  was  thus  spent,  and  tho  lever  i-eturned 
immediately  to  its  original  position  i-eady  for  the  next  stroke.  A 
wood  block  was  at  first  fixed  on  tlie  frame  as  a  buffer  to  stop  the 
lever  before  the  plunger  reached  the  top  of  the  cylinder;  but  this 
was  not  now  found  necessary,  as  the  steam  was  allowed  to  escape  by 
a  side  passage  into  the  exhaust  pipe  before  a  blow  on  the  frame 
could  take  place. 

The  Chairman  moved  a  vote  of  thanks  to  Mr.  Harvey  for  his 
paper,  which  was  passed. 


The  following  Paper,  by  Mr.  Alexander  White,  of  Partick,  was 
then  read : — 
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DESCRIPTION  OP  IMPROVED  CORN  MILL  MACHINERY. 

In  the  ordinary  mode  of  grinding  wheat,  the  grain  after  being 
properly  cleaned  is  placed  in  a  hopper  above  the  millstones,  and  is 
thence  fed  in  a  regular  manner  into  the  eye  or  central  aperture  of  tlie 
running  or  top  stone,  and  by  the  centinfugal  effect  of  the  stone's 
rotation  is  carried  round  in  a  spiral  direction  between  the  two  stones, 
until  it  gradually  reaches  the  circumference  of  the  stones,  whence  it 
issues  in  a  ground  state  and  passes  doAvn  a  spout  into  a  bin  below. 
In  this  system,  which  has  been  in  use  for  a  few  centuries  past,  there 
is,  the  writer  thinks,  ample  room  for  improvements,  involving  both 
an  increase  in  the  speed  of  production,  and  superior  quality  of  the 
flour. 

There  is  an  injurious  effect  exercised  upon  the  grain  by  coming 
in  contact  with  the  central  portion  of  the  stones,  as  at  that  part  it  is 
tortured  over  and  over  on  a  sharp  flinty  surface  of  nearly  five  feet 
area,  and  with  a  motion  which,  being  insufficient  to  grind  it,  tears 
the  husk  and  kernel  to  the  detriment  of  the  flour ;  this  action  taking- 
place  before  the  grain  reaches  that  portion  of  the  stones  where  there 
is  motion  at  once  sufficient  to  grind  it  and  to  discharge  the  ground 
particles  from  between  the  stones. 

In  the  improved  arrangement  of  corn  mill  machinery,  forming  the 
subject  of  the  present  paper,  the  area  at  the  centre  of  the  stones, 
which  in  ordinary  millstones  acts  so  injuriously  upon  the  grain,  is 
altogether  removed,  the  stones  being  cut  away  at  that  part ;  whilst 
in  the  opening  there  is  inserted  a  large  distributing  disc,  which  is 
driven  at  a  high  speed  for  the  purpose  of  delivering  the  prepared 
grain  between  the  stones  and  also  causing  a  current  of  air  as 
afterwards  described. 

The  new  corn  mill  machinery  is  shown  in  Plate  67. 

Fig.  1  is  a  vertical  section  of  the  improved  arrangement  of 
millstones. 

Fig.  2  is  a  plan  of  the  lower  millstone  on  the  new  construction, 
showing  the  air  fan  in  horizontal  section,  the  distributing  disc  being 
removed. 
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Fig.  3  18  a  plan  of  a  luillstono  as  coiiBtrnctod  on  the  old  BjnU-'m ; 
the  dotted  line  shows  the  Bj)iral  path  of  a  grain  of  corn,  on  it«  way 
from  the  centro,  whoro  it  is  delivered  between  the  htones,  to  the 
circumleronce,  where  it  is  diseharged  in  the  ground  state, 

A,  Fig.  1,  is  the  top  or  running  stone,  0  feet  diameter,  and  B  tlie 
bottom  stone  which  remains  stationary.  The  centre  portion  of  each 
stone  is  cut  away,  leaving  a  hole  or  eye  2  feet  9  inches  diameter,  in 
which  is  inserted  the  distributing  disc  C  for  delivering  the  prepared 
grain  between  the  stones.  The  grain  is  supplied  from  the  hopper  D 
along  the  sjx)ut  E.  A  small  crushing  apparatus  F  is  placed  above 
the  stones,  consisting  of  a  pair  of  rollers  driven  from  the  damsel 
spiudle  G  by  means  of  bevil  wheels ;  the  grain  passes  between  the 
rollere  on  its  way  to  the  grinding  surfaces,  being  bruised  or  crushed 
by  the  rollers,  which  greatly  facilitates  the  grinding  process,  and 
improves  the  quality  of  the  flour.  The  crushed  grain  from  the 
rollers  falls  upon  the  distributor  C,  the  surface  of  which  is  corrugated 
or  notched  radially,  to  aid  the  distribution  of  the  rolled  grain ;  the 
distributor  is  recessed  half  way  into  the  face  of  each  stone  and 
revolves  clear  of  the  lower  stationary  stone  B,  and  also  of  the 
running  stone  A. 

The  distributor  C  is  constructed  so  as  to  serve  the  double  purpose 
of  delivering  the  grain  between  the  stones,  and  also  of  supplying  a 
current  of  cool  air  along  with  the  grain.  The  distributing  disc,  on 
which  the  crushed  grain  falls,  forms  the  upper  side  of  a  horizontal  fan. 
which  discharges  a  current  of  cool  air  along  with  the  grain  between 
the  stones.  The  air  is  drawn  up  through  the  enlarged  eye  of  the 
bedstone  B,  which  instead  of  being  entirely  closed  up  as  formerly,  is 
left  open,  like  the  eye  of  the  running  stone  A,  to  allow  of  the  free 
introduction  of  cool  air  to  act  upon  the  gi-ain  where  the  grinding 
action  conies  into  most  effective  play.  The  fan  is  made  with  a 
number  of  curved  arms,  us  shown  in  the  sectional  plan.  Fig.  2,  the 
spaces  between  them  forming  horizontal  curved  passages  for  the  air; 
the  outer  auds  of  the  air  passages  terminate  at  the  circumference  of 
the  distributor,  and  the  inner  ends  open  into  the  central  chamber 
of  the  fan,  which  comniiinieatL'.s  at  the  under  side  with  the  trumj^et- 
mouthed  air  tubes  H  H,  which  pass  out  through  the  eye  of  the 
lower  stone  B,  and  are  thus  capable  of  taking  in  cool  air  from  below. 

U 
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The  action  of  the  fan  is  such  that  as  the  upper  stone  revolves  a 
current  of  cool  air  is  drawn  up  through  the  tubes  H,  and  discharged 
in  a  powerful  stream  upon  the  grain  being  ground,  just  at  the  part 
whei'e  the  grinding  process  comes  into  effective  operation.  By  these 
means  the  grinding  is  accomphshed  very  rapidly  and  well,  and  the 
grain  and  flour  are  kept  quite  cool  and  in  good  order.  If  the  simple 
rate  of  the  stones  does  not  produce  a  sufficient  current  of  air  by 
means  of  the  fan,  as  may  be  the  case  with  stones  of  large  diameter, 
the  fan  is  driven  at  a  greater  velocity  than  that  of  the  stones,  by 
means  of  gearing  I,  and  is  arranged  to  x'evolve  freely  about  the  mill 
spindle. 

A  further  improvement  is  effected  in  the  discharge  of  the  flour 
from  the  millstones.  Instead  of  allowing  the  flour  to  be  carried  round 
the  inside  of  the  casing  K,  so  as  to  be  delivered  down  a  spout  placed 
at  one  side,  the  casing  is  formed  with  openings  almost  all  round  it, 
through  which  the  flour  falls  in  a  thin  film  into  the  conical  or  funnel- 
shaped  casing  L  below.  In  passing  down  this  casing  the  flour  is 
exposed  to  the  beneficial  action  of  the  upward  current  of  cool  air, 
which  is  ascending  to  supply  the  fan,  the  heated  air  passing  off  by 
the  ordinary  opening  in  the  case  over  the  top  of  the  running  stone. 
When  the  flour  leaves  the  casing  L  by  a  spout  at  the  bottom,  it  is 
in  a  perfectly  cool  state,  and  may  be  immediately  bolted  and  put  up 
into  sacks  for  the  baker. 

The  present  improvements  may  be  applied  to  a  certain  extent  to 
old  stones ;  but  in  erecting  new  mills  or  machinery  the  stones  should 
be  made  considerably  larger  than  hitherto ;  that  is  to  say,  they 
should  be  at  least  6  feet  in  diameter,  instead  of  only  4  feet  or  4  feet 
6  inches.  These  large  stones  should  be  composed  of  a  ring  of  burr 
blocks  1  foot  broad,  as  shown  in  Figs.  1  and  2,  built  up  and  nicely 
joined  round  a  centre  ring  or  rim  M,  composed  either  of  a  single 
piece  of  free-stone,  or  of  cast  iron. 

Stones  fitted  up  with  the  various  improvements  above  described 
have  in  practice  been  found  to  do  double  and  in  some  cases  more 
than  double  the  work  done  by  ordinary  stones,  whilst  the  flour 
produced  has  been  of  greatly  superior  quality  ;  and  where  the  larger 
size  of  stones  can  be  got,  still  better  results  will  be  obtained,  whilst 
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(ho  uiutiuu  will  be  eiuiivr,  uud  tliure  will  bo  iei>h  uf  tbo  troiuur  and 
vibrutiuu  which  with  ordiimry  airrunyeuieulH  iVtHjueiitly  aiuiuyH  uud 
fruHtriitt's  tho  L-xjieetutiuuh  of  the*  muht  uaruful  luilicr. 


Itlr.  Dunn  asked  whether  tho  stouos  were  drivuu  at  the 
speed  a8  in  ordiuary  griudiug. 

Mr.  WuriK  replied  that  they  wero  driven  at  present  at  the  same 
rate  tuj  the  ordinary  stones,  about  110  revolutions  per  minute  for 
the  4 J  feet  stones;  but  it  was  intended  to  iucrease  the  speed,  as  they 
might  be  driven  considerably  faster  without  Iieating  the  tlour. 

The  Chaikman  enquired  how  many  pairs  of  stones  were  at  work 
on  the  new  plan. 

Mr.  White  said  ho  had  only  two  pairs  at  work  at  present,  which 
had  been  altered  from  the  old  construction,  and  had  been  working 
eight  months  with  such  satisfactory  results  that  it  was  intended  to 
extend  the  application  of  the  plan. 

Mr.  Faikbairn  asked  how  much  wheat  per  hour  was  ground  by 
tiie  new  plan. 

Mr.  White  stated  that  12  bushels  per  hour  were  ground  by  a 
pair  uf  4^  feet  stones,  which  was  fully  double  of  the  quantity  ground 
by  ordinary  stones  of  the  same  size  running  at  the  same  speed. 
Other  plans  had  been  brought  forward  for  using  a  current  of  air  in 
the  operation  of  griudiug,  but  still  tho  old  system  of  stones  was 
generally  adhered  to ;  and  he  considered  the  alteration  in  the  stones 
in  the  present  ca.so,  reducing  the  grinding  surface  to  a  ring  at  the 
circumference,  and  substituting  the  air  distributor  in  the  centre, 
was  a  very  important  improvement  in  tho  process. 

Mr.  Faikbaiun  remarked  that  a  great  advantage  was  obtained  in 
cooling  the  Hour  by  the  use  of  a  current  of  air  in  grinding,  and  the 
yield  had  been  increased  by  that  means  in  some  cases  from  0  to  8  or 
9  bushels  per  hour  from  each  pair  of  stones.  There  existed  however 
a  great  difieience  of  opinion  on  this  question  among  millers,  some 
asserting  that  no  compensating  advantage  was  gained  by  the  air 
blast,  considering  the  power  absorbed  in  driving  tho  fan  to  be  more 
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than  equivalent  to  the  increased  yield  from  the  stones.  He  asked 
what  power  was  requii-ed  for  driving  the  new  stones,  and  whether 
they  were  driven  by  straps  or  gearing. 

Mr.  White  said  he  could  judge  of  the  power  only  from  the 

water  used  by  the  wheels,  but  scarcely  any  difference  was  perceptible, 

aud  the  saving  in  power  from  the  stones  not  grinding  in  the  centre 

,  probably  balanced  the  extra  quantity  ground.     The  stones  were  all 

driven  by  gearing  throughout  the  mill. 

Mr.  FoTHERGiLL  enquired  whether  the  advantage  in  gain  of 
quantity  was  interfered  with  at  all  by  the  quality  of  the  flour 
obtained.  The  mode  in  which  the  grinding  was  effected  was  of 
considerable  consequence,  as  the  material  of  the  grain  was  the  best 
close  to  the  husk,  and  it  was  therefore  important  to  get  the  husk 
closely  removed. 

Mr.  White  replied  that  the  same  quality  of  flour  was  yielded, 
but  it  had  the  advantage  of  the  husk  being  separated  with  less 
pulverizing. 

Mr.  Fairbairn  observed  that  the  modern  plan  of  feeding  by  the 
silent  feeder  instead  of  the  damsel  was  now  in  extensive  use,  and 
was  considered  superior  in  action  by  distributing  the  grain  more 
equally  into  the  eye  of  the  stone. 

Mr.  White  said  the  plan  of  the  silent  feeder  was  a  very  good  one, 
but  would  not  admit  of  the  application  of  the  crushing  rollers  used 
in  his  arrangement. 

Mr.  Fairbairn  asked  what  advantage  was  derived  from  the  use 
of  the  crushing  rollers. 

Mr.  White  stated  that  he  had  found  them  to  be  of  great 
advantage,  in  preparing  the  wheat  and  facilitating  the  process  of 
grinding,  especially  where  the  wheat  was  of  a  dry  and  hard  nature. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  White  for  his 
paper,  which  was  passed. 


The  following  Paper,  by  Mr.  Charles  Randolph,  of  Glasgow,  was 
then  read :  — 
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DKSCRIPTION   OP  A  COMPRKSSKD  AIR  ENGINK  AT 
GOVAN    COLLI KHY. 

Tho  eijgino  doscribod  in  llio  preKriM  paper  whs  designod  for  a 
special  purpose  in  tlie  working  of  the  Oovaii  Colliery,  iieur  GluHgow, 
where  uii  ordinary  engine  was  not  applicable ;  and  although  under 
other  circuiuhtauces  not  an  economical  mode  of  employing  power,  it 
has  proved  in  the  present  case  highly  satisfactory,  and  has  worked 
saccessfully  for  several  years. 

A  general  section  and  plan  of  the  Govan  Colliery  are  showu  in 
Figs.  1  and  2,  Plate  08,  to  a  small  scale. 

The  main  shaft  A  is  sunk  170  yards  deep,  through  sir  successive 
seams  of  coal,  the  tirst  of  which  is  'J2  yards  from  tho  surface  at  that 
point ;  and  after  working  the  coal  at  that  part,  a  main  road  B  was 
driven  horizontally  to  a  distance  of  700  yards,  intersecting  the  coal 
seams,  which  dip  at  an  inclination  of  about  1  in  11,  as  bhown  in  the 
drawing.  A  second  shaft  C,  at  present  20  yards  deep,  was  then 
sunk  near  the  extremity  of  the  main  road  B,  for  the  purpose  of 
working  the  third  seam,  or  "rough  main"  coal. 

The  difficulty  then  arose  of  providing  for  the  winding  and 
pumping  of  this  second  shaft  at  a  distance  of  nearly  half  a  mile 
from  the  first  shaft.  A  steam  boiler  was  inadmissible  in  that 
situation,  and  the  distance  was  too  great  to  convey  steam  from  tho 
surface.  Some  application  of  water  power  was  contemplated  by 
the  manager,  Mr.  James  Allan,  who  applied  to  the  author  for  the 
purpose  of  carrying  it  out;  and  it  was  then  proposed  by  the  author, 
upon  the  original  idea  suggested  by  Mr.  David  Elder,  to  make  use 
of  compressed  air  supplied  by  a  compressing  steam  engine  at  the 
surface,  and  conveyed  down  by  a  pipe  to  work  an  engine  at  the  top 
of  tho  second  shaft  in  the  manner  of  a  non-condensing  steam  engine, 
the  discharged  air  being  thrown  into  the  workings  to  aid  in  the 
ventilation  of  the  mine. 

This  proposal  was  adopted,  and  the  present  engine  was  desigueti 
and  constructed^for  the  purpose  by  Messrs.  Randolph,  Elliot,  and 
Co. ;  it  has  now  been  working  at  the  colliery  more  than  six  years, 
and  has  been  found  to  answer  the  purpose  completely. 
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Fig.  3,  Plate  09,  shows  an  enlarged  view  of  portions  of  the 
section  Fig.  1,  and  Fig.  4  is  a  corresponding  plan. 

The  main  shaft  A,  Figs.  3  and  4,  contains  a  single  winding 
apparatus  and  a  set  of  four  pumps,  and  forms  the  downcast  shaft 
for  the  ventilation ;  it  is  18  feet  long  and  8  feet  wide,  being  oval  at 
the  top  and  rectangular  below.  It  opens  at  the  bottom  to  the 
horizontal  main  road  B  B,  which  is  9  feet  wide  and  6  feet  high, 
■  divided  by  a  brattice  in  the  centre  throughout  the  whole  length,  for 
the  downcast  and  upcast  currents.  The  upcast  shaft  D,  7  feet 
diameter,  has  a  ventilating  furnace  at  the  bottom,  and  contains  a 
single  winding  apparatus.  In  a  recess  at  the  top  of  the  second 
shaft  C  is  fixed  the  air  engine  E  for  working  the  winding  and 
pumping  apparatus  of  the  second  shaft.  The  compressed  air  is 
conveyed  to  it  by  a  cast  iron  pipe  F,  10  inches  diameter  inside, 
carried  down  the  main  shaft,  from  a  steam  engine  G  at  the  surface, 
which  is  employed  to  compress  the  air. 

The  compressing  engine  is  shown  enlarged  in  Figs.  5  and  6, 
Plate  70. 

Fig.  5  is  a  vertical  section  through  the  steam  cylinder,  air  pumps, 
and  air  main  ;  and  Fig.  6  a  sectional  plan. 

The  steam  cylinder  H  is  15  inches  diameter  with  a  stroke  of  3  feet, 
and  drives  two  condensing  air  pumps  I  I,  which  work  alternately 
one  on  each  side  of  the  beam  centre,  delivering  the  air  into  the 
centre  reservoir  K  from  which  it  passes  into  the  main  pipe  F.  The 
beam  is  connected  at  the  other  end  to  a  crank  and  flywheel  L  to 
equalize  the  motion. 

The  air  pumps  II  are  21  inches  diameter,  with  a  stroke  of  18 
inches ;  they  are  placed  inverted,  with  the  piston  rods  passing  out 
below,  where  the  stuffing  boxes  are  not  exposed  to  the  pressure  of 
the  compressed  air,  and  are  worked  with  crossheads  sliding  in 
vertical  guides  by  means  of  side  rods  from  the  beam. 

The  air  pumps  are  shown  enlarged  in  Figs.  7  and  8  ;  they  are 
fitted  with  ball  valves,  of  which  there  are  three  sets  to  each  pump, 
each  set  consisting  of  44  brass  balls,  2  inches  diameter,  arranged  in 
three  concentric  rings,  as  shown  in  Fig.  8  ;  the  balls  are  confined  by 
separate  cages  to  a  lift  of  ^  inch,  as  shown  enlarged  in  Figs.  9  and 
10.  In  consequence  of  the  high  pressure  of  the  air,  amounting  to 
30  lbs.  per  square  inch,  provision  is  made  for  preventing  leakage 
through  tiie  valves,  by  a  stratum  of  water  constantly  covering  the 
piston  valves  and  the  delivery  and  inlet  valves,  as  shown  in  Figs.  5 
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And  7,  throii^Ii  wliich  nil  the  nir  htm  (4)  pMK.  A  Rtnan  pnmp  M, 
8  inclifH  iliiinu'tor  nnd  10  inches  stroke,  is  empluytMl  to  Kupply  watt^r 
for  thin  piirpOM',  unci  delivers  it  into  the  centre  reservoir  K,  fnjiii 
which  it  flows  throujjh  the  hnuiU  pipes  N  into  ench  of  the  air  pumps, 
during  the  |H*ri(>d  of  their  downward  strokes,  the  quantity  of  water 
aduiitted  bein^^  regulated  by  a  cock  O  in  each  pi{>o.  The  surplus 
water  is  discharged  at  each  upward  stroke  throujfh  the  delivery 
valves,  and  flows  over  the  top  into  the  centre  reservoir  K,  keeping 
the  delivery  valves  also  covered  with  wat«r;  in  this  way  the 
compressed  air  is  entirely  discharged,  and  there  is  no  loss  of  power 
from  expansion  of  air  behind  the  piston  at  tlic  beginning  of  the 
downward  stroke.  The  level  of  water  in  the  centre  reservoir  is 
regulated  by  means  of  a  gauge  glass  at  the  side.  Any  leakage  of 
water  past  the  piston  valves  and  piston  escapes  through  the  suction 
or  inlet  valves,  and  is  carried  off  by  a  waste  pipe  fitted  to  the  casing 
of  the  air  pumps. 

The  air  pump  barrels  are  lined  with  brass  to  prevent  corrosion, 
and  the  pistons  are  also  faced  with  brass,  as  shown  in  Fig.  7,  and 
are  made  without  any  packing,  being  merely  turned  a  good  tit  to  the 
cylinders.  The  pumps  have  continued  working  the  whole  time  since 
starting,  a  period  of  more  than  six  years,  workini/  part  of  the  time 
day  and  night,  without  requiring  any  repairs  or  adjustment ;  nothing 
has  been  done  to  them  except  replacing  some  of  the  valve  cages 
which  had  been  broken. 

The  asual  speed  of  this  engine  is  about  25  revolutions  per  minute 
with  a  pressure  of  steam  of  18  lbs.  per  square  inch,  giving  a  pressure 
of  air  averaging  about  20  lbs.  per  square  inch. 

The  air  engine  E,  Figs.  3  and  4,  Plate  69,  at  the  lower  shaft,  has 
a  cylinder  10  inches  diameter  and  18  inches  stroke,  and  works  usually 
at  about  25  revolutions  per  minute ;  it  is  an  old  steam  engine,  and  was 
formerly  worked  with  high  pressure  steam.  It  was  intended  to  be 
worked  with  air  at  30  lbs.  per  square  inch  pressure,  and  at  that 
pressure  the  heat  generated  in  compression  was  expected  to  be  very 
great;  indeed  calculation  at  the  time  gave  nearly  the  melting  point 
of  tin.  The  great  safety  valve  however  for  getting  rid  of  the  heat 
developed  is,  as  was  anticipated,  the  water  upon  the  valves  of  the 
compressing  engine,  whicli  absorbs  the  heat  as  soon  as  generated,  a 
portion  of  the  water  passing  off  through  the  main  pipe  in  the  form  of 
Ateam ;  this  steam  becomes  condensed  in  the  pipe,  and  provision  is 
made  f<»r  drawing  off  the  water  of  coudeusatii-n  from  time  to  time  as 
it  accumulates  at  the  bottom  of  the  shaft  by  means  of  a  cock. 
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The  pressure  of  the  air  at  the  lower  engine  is  only  about  1  lb.  per 
square  inch  below  the  pressure  at  the  compressino;  engine  at  the  top 
of  the  pit.  The  absorption  of  heat  on  the  sudden  liberation  of  the 
compressed  air  from  the  lower  engine  at  the  discharge  of  each  stroke 
causes  so  great  a  degree  of  cold  that  in  winter  the  engine  is  often 
stopped  by  the  formation  of  ice  in  the  cylinder  and  exhaust  pipe. 


Mr.  Randolph  observed  that  the  most  serious  difficulty  that  had 
been  anticipated  when  the  apparatus  was  first  designed  was  the 
considerable  amount  of  heat  that  would  be  developed  in  the 
compression  of  the  air,  and  the  water  had  been  employed  originally 
for  the  double  purpose  of  carrying  off  the  heat  and  serving  as  a 
non-elastic  medium  for  filling  up  the  interstices  among  the  valves, 
whereby  the  whole  amount  of  the  air  which  was  introduced  above 
the  valves  was  sure  to  be  expelled  onwards,  thus  securing  the  full 
value  of  the  power  exerted  in  the  compression ;  for  these  purposes 
it  had  proved  completely  efficient.  He  believed  the  temjDeratui'e 
of  the  air  in  the  main  column  varied  from  90°  to  140°  Fahr., 
depending  on  the  velocity  of  the  working  of  the  engine  and  the  state 
of  the  atmosphere;  and  if  it  had  not  been  for  the  nse  of  the  water, 
the  engine  would  have  been  a  failure  in  attempting  to  compress  the 
air  to  30  lbs.  pressure  per  square  inch,  as  the  calculated  temperature 
resulting  from  that  amount  of  compression  would  be  somewhere  near 
the  melting  point  of  tin. 

The  three  sets  of  valves  were  adopted  to  ensure  the  greatest 
action  from  the  pumps ;  the  lower  suction  valves  were  originally 
intended  to  be  of  gutta  percha,  to  offer  less  resistance  to  the  air 
entering,  so  as  to  allow  the  atmospheric  pressure  as  nearly  as 
possible  to  obtain  in  the  lower  part  of  the  pump,  when  the  piston 
was  rising-,  on  the  descent  of  the  piston  the  pressure  accumulated 
to  raise  the  weight  of  the  brass  valves  in  the  piston.  •  Brass  suction 
valves  were  however  employed,  on  account  of  the  difficulty  of 
obtaining  spheres  of  gutta  percha  of  suitable  description  at  the  time 
the  engine  was  constructed ;  but  no  doubt  could  be  entertained  as  to 
the  superiority  of  gutta  percha  valves  for  the  purpose.  The  apparatus 
had  been  in  constant  work  for  more  than  six  years  without  any 
repairs,  except  replacing  two  or  three  of  the  valve  cages,  as  had 
been  mentioned  in  the  paper. 
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The   present    ca«o   Jiffordod   opjKJrtiuiltioi  f»f  ex]    •  n^  on 

various  ticioutitio  questions,  which  mij»ht  Ihj  well  worli;  ;  :.^  out. 

The  stato  of  the  therinonietor  at  buili  tho  comprossing  and  workinp^ 
engines  under  nil  the  variations  of  prcssnro  l)eli>w  tho  maximum 
might  bo  noted :  indicator  diagninis  mij^ht  ho  taken  from  tho 
compressing  air  pomps,  and  the  oompression  curve  wonhl  then  show 
tho  whole  time  of  the  delivery  of  the  ,  -ed  air,  and   would 

indicate  the  rise  of  temperature,  which  .-'  the  greateht  source 

of  loss  in  this  mode  of  applying  power :  the  friction  in  the  transmixsion 
of  the  air  through  the  pipes  mijjht  also  be  correctly  ascertained.  If 
instead  of  the  old  steam  enjjine  that  was  employed  for  working  the 
lower  shaft,  there  had  been  a  properly  constructed  air  engine  below, 
cutting  oti'  the  air  at  Jrd  stroke  and  expanding  jrds  or  down  to  the 
atmospheric  pressure,  the  true  economy  of  the  use  of  compressed  air 
under  such  circumstances  might  have  been  demonstrated,  and  at  the 
same  time  a  comparison  of  the  air  expansion  curve  of  the  lower  engine 
with  the  compression  curve  of  the  upper  would  accurately  point  out 
the  amount  of  loss  accruing. 

Mr.  RooERs  considered  it  an  excellent  and  well  designed  engine 
for  the  purpose,  and  thought  there  might  be  many  other  situations 
where  such  a  mode  of  conveying  power  would  prove  advantacreous. 
He  thought  the  temperature  of  the  discharged  air  must  at  all  times 
be  lower  than  the  freezing  point ;  and  tho  cold  air  issuing  into  the 
workings  would  be  very  beneficial  in  cooling  the  mine,  as  the 
temperature  of  the  coal  itself  was  as  high  as  80°  Fahr.  in  deep  pits, 
and  the  air  was  often  heated  by  the  men  and  horses  to  90°  or  more, 
causing  serious  inconvenience  to  the  miners. 

Professor  Rankine  remarked  that  the  same  principle  bad  been 
applied  by  Professor  Piazzi  Smyth  to  the  cooling  of  air  for  ventilation  ; 
compressed  air  was  passed  through  tubes  surrounded  by  water,  so  as 
to  abstract  the  heat  produced  by  the  compression,  and  by  beingr 
allowed  to  expand  ag^in  was  cooled. 

Mr.  Rogers  had  tried  the  experiments  on  this  subject  with 
Professor  Waningtou  W.  Smyth,  and  they  had  found  that  air  at  a 
pressure  of  about  10  lbs.  per  sq.  in.  was  cooled  down  to  37°  Fahr. 
temj>erature  on  expanding  suddenly,  which  was  quite  in  accordance 
with  theory.  On  the  Atmospheric  Railway  in  South  Devon  he  had 
observed,  when  it  was  working,  a  great  heating  of  the  air  pump 
valves,  from  the  compression  of  the  air  necessary  to  lift  the  large 
discliarge  valves  at  the  speed  at  which  the  pumps  had  to  be  worked 
to  maintain  the  required  vacuum  in  the  tube. 

v 
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Professor  Rankine  believed  the  first  production  of  ice  by  the 
expansion  of  compressed  air  was  effected  by  Dr.  Gori'ie  in  Florida, 
independently  of  the  invention  of  the  process  for  cooling  air  in  this 
country. 

Mr.  FoTHERGTLL  remembered  seeing  an  ice-making  machine  upon 
that  principle  in  London  about  fourteen  years  ago. 

Mr.  Harvey  had  seen  the  present  engine  at  work,  and  was  much 
interested  by  it.  When  a  pit  w^as  troubled  with  firedamp,  a  steam 
engine  and  boiler  could  not  be  safely  employed  in  the  pit,  otherwise 
he  would  consider  that  plan  preferable.  He  was  surprised  to  find 
only  1  lb.  or  2  lbs.  loss  of  pressure  in  the  air  at  the  end  of  so  great 
a  length  of  pipe  ;  but  an  important  advantage  was  obtained  in  this 
respect,  by  having  the  air  main  equal  in  area  to  the  working  cylinder, 
as  in  the  present  case.  It  was  certainly  more  economical  to  carry 
compressed  air  down  into  the  mine  than  high  pressure  steam,  as 
there  would  be  a  serious  loss  of  power  in  conveying  steam  to  so 
great  a  distance  as  a  half  a  mile.  He  had  seen  a  pit  in  Fifeshire 
where  steam  was  conveyed  down  from  a  boiler  at  the  surface  to 
work  an  engine  under  ground,  but  a  very  high  pressure  was  required 
at  the  top  to  give  a  sufficient  working  pressure  at  the  bottom. 

Mr.  Fatrbairn  thought  it  would  be  very  desirable  to  experiment 
upon  the  difference  of  temperature  and  pressure  with  both  steam  and 
air  in  descending  a  shaft,  and  hoped  the  subject  might  be  taken  up 
by  Professor  Rankine,  as  a  good  opportunity  was  afforded  in  the 
present  instance  for  the  trial  of  air.  In  the  case  of  a  powder  mill  at 
Constantinople  that  he  remembered,  compressed  air  was  conveyed  a 
distance  of  300  yards  to  drive  the  machinery,  but  a  great  loss  of 
power  and  pressure  was  experienced,  from  the  friction  in  the  pipes 
before  reaching'  the  enarine. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Randolph  for 
his  communication,  which  was  passed. 


The  following  Paper,  by  Mr.  Thomas  Kennedy,  of  Kilmarnock, 
was  then  read  : — 
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DESClUrriUN    c)l'  AN    I.Ml'KOVKI)   WATER  MKTKK. 

Tho  impoiluiit  UhCb  to  whifh  u  correct  uud  durublu  wa- 
might  witli  great  udyuutagc  bu  upplicd  huvu  bcc'ii  highly  a]>^ 
iiid  extvuHively  I'ult  by  pmclicul  meu,  more  ettpocmlly  iu  tbo  cmbe  of 
watiT  works  iu  lurgc  citiob  aud  towns,  where  au  unlimited  -        '       > 
the  iuhubilunt.s  could  nut  be  kept  up,  on  account  of  the  ii. 
use  and   witKte  whicli  would  thereby  euiiuo.     When  the  source  of 
hiipply  in  limited  or  iuHutUcient,  great  care  in  requiHite  to  make  tho 
means  suit  tho  end  ;  aud  the  bupply  can  therelore  bo  let  on  only  at 
iut<.rvali»,  during  which  the  cousumerb  have  to  draw  ai>  much  uh  they 
require  until  tho  time  ol'  next  supply.     Even  thiiJ  bystem  however  iii 
ait<.>uded  with  more  wa8te  than  thero  would  be,  if  people  were  to 
pjiy   for  all  that   they  draw.     Tho  question  of  constant  supply  ha>i 
been  entertained  aud  considered   in  otiicial  quarters,  but  one  great 
obstacle  to  its  adoption,  that  ha£  been  reported,  is  the  want  of  a 
thoroughly  efficient  meter. 

The  present  policy  of  water  companies  is  a  fixed  rate  on  rental, 
m  the  case  of  water  supplied  for  domestic  purposes ;  aud  a  rate 
agreed  upon  by  special  contract  according  to  the  quantity  supplied, 
in  the  ca»e  of  water  used  for  mauufaciuring  and  all  other  purpofcts. 
Hence,  even  laider  these  arrangements,  there  is  great  room  for  tho 
use  of  meters,  it  being  most  essential  with  large  consumers  to  have 
a  proper  means  of  ascertaining  the  qtiautity  supplied,  which 
otherwise  becomes  a  source  of  endless  dispute  and  difficulty.  S^nir 
companies  fix  a  rate  according  to  the  size  of  service  pipe,  w1ir-Ii 
;  lay  then  run  during  day  and  night,  whereas  the  supply  wanted  may 
be  only  partial,  thereby  entailing  a  very  unequal  rate,  or  great 
inconvenience  aud  expense  in  erecting  large  cisterns. 

The  subject  being  thus  oue  of  general  importance,  many  attempts 
have  been  made  to  produce  an  instrument  capable  of  fultilling  the 
desired  purposes,  liut  it  is  remarkable  that  in  this  age  of  mechanical 
triumphs  so  many  failures  have  occurred,  and  so  much  difficulty  has 
been  ex|)erienced  iu  accomplishing  what  at  first  sight  appeared  such 
a  simple  matter.  The  uon-elastic  nature  of  the  fluid,  tho  impurities 
which  generally  exist  in  connection  with  a  supply  on  an  ■ 
-calo,  and  tho  heavy  pressure  under  a  high  columu,  wei 

bstacles  to  the  satisfactory  working  and  durability  of  a  machine 
luteuded  to  retain  the  pressure  and  to  meatiuro  correctly. 
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The  first  meters  that  were  brouglit  most  generally  into  use  were 
made  on  a  variety  of  plans,  but  all  requiring  to  be  placed  above  a 
cistern,  from  which  the  water  after  measurement  was  drawn ;  this 
plan  was  however  attended  with  many  disadvantages. 

It  is  unnecessary  here  to  enumerate  the  various  other  plans 
resorted  to  in  pursuit  of  the  object  referred  to  ;  it  will  be  sufficient  to 
notice  the  leading  features  of  those  at  present  most  prominently  in  use. 
The  several  varieties  of  meters  may  be  reduced  to  two  distinct 
classes,  according  to  the  principle  on  which  they  work ;  the  first  class 
comprehending  all  meters  that  measure  by  the  velocity  at  which  the 
water  flows  ;  and  the  second  class,  those  measuring  by  capacity. 

Meters  on  the  former  plan  are  rotary,  and  are  best  constructed 
by  placing  a  wheel,  fan,  spiral,  or  modification  of  revolving  arms,  on 
the  principle  of  "  Barker's  Mill,"  in  the  water-course,  so  as  to  be 
propelled  by  the  force  of  the  water's  motion,  an  indicator  or  counting 
apparatus  being  attached.  This  principle  of  action  embraces  a  large 
number  of  inventions  ;  but  in  the  writer's  opinion  it  does  not  admit 
of  surmounting  the  difficulties  of  correct  measurement  under  variable 
pressure  and  velocity,  because  the  whole  body  of  water  in  the 
chamber  containing  the  working  parts  has  to  be  put  in  motion  with 
sufficient  force  to  drive  the  rotating  apparatus,  before  there  can  be 
any  indication ;  and  consequently  small  quantities  of  water  can  pass 
and  be  drawn  off  without  registration.  Another  point  of  difficulty 
is  to  ensure  a  proper  rate  of  rotation  under  a  varying  velocity  of 
flow,  in  exact  proportion  to  the  quantity  of  water  passing  off.  As 
regards  durability  and  the  confidence  to  be  placed  in  continuous 
working  and  uniformity  of  registration,  too  much  depends  on  the 
nice  rotation  of  the  mechanism  ;  and  this  for  the  sake  of  sensibility 
to  motion  must  be  supported  on  centres  which  are  liable  to  wear  and 
allow  of  oscillation.  Various  causes  may  also  increase  the  friction, 
or  injure  the  revolving  parts,  so  as  to  cause  inaccuracy. 

In  the  second  class  of  meters,  measurement  by  capacity  is  best 
effected  by  means  of  a  cylinder  and  piston. 

The  meter  described  in  the  present  paper  is  constructed  on  the 
principle  of  measurement  by  capacity,  and  is  made  with  a  cylinder 
and  piston  ;  it  has  been  found  to  measure  correctly  and  uniformly 
under  every  variation  of  pressure  or  velocity  of  flow.  The  water  is 
dischg-rged  in  a  steady  and  continuous  stream,  without  any  shock, 
concussion,  or  intermission  ;  the  piston  moves  with  great  ease,  and 
is  likely  to  be  durable  and  easily  kept  in  order. 
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Tho  meter  Is  sljown  in  Fij?«.  1,  2,  and  3,  Plato  71. 

Fi^.  1  iti  a  8ido  olovation  of  tlio  nu-ttT,  with  the  CHNiii^  reniovod 
to  show  the  intcruul  luuchuniBm,  tiio  nitiuiuriug  cylinder  being  in 
boctiun. 

Fig-  -  i»  H  verticul  section  of  tho  meter,  ami  Fig.  3  a  plan  with  tho 
u]i]>er  part  of  tho  cuMiug  removed. 

The  e^hndor  A  is  lilted  with  u  wiiter  tight  piston  U,  tho  rod  of 
which  carries  a  rack  C,  gearing  into  a  pinion  D  connected  with  tho 
counting  apparatus.  Tho  water  is  admitted  ahernatcly  above  and 
below  tho  piston  by  means  of  a  fourway  cock  E,  which  is  reversed 
when  tho  piMon  arrives  at  either  end  ol  the  cylinder.  Tlie  reversing 
is  etl'ected  by  a  tumbler  F  falling  over  alternately  upon  two  arms  G  G 
on  ihe  spindlo  of  tho  fourw.iy  cock  E,  tho  tumbler  being  raised 
during  each  stroke  of  tho  piston  by.a  stud  or  catch  H  tixed  on  tho 
pinion  D. 

The  piston  ii  is  rendered  water  tight  by  a  "rolling  packing," 
consisting  of  a  ring  1  of  vulcanised  iudia  rubber  of  circular  section, 
which  is  drawn  on  the  body  of  the  piston  Uke  an  iudia  rubber  baud; 
in  consequence  of  its  elasticity  the  ring  accommodates  itself  so 
completely  to  the  space  between  the  body  of  the  piston  and  the 
cylinder  as  to  make  a  water  tight  packing  in  a  simple  and  eflectual 
manner,  ihe  roiling  action  of  tLc  packing  ring  dmiiuishes  tho 
friction,  and  coubequeutly  the  Uability  to  wear  and  tear,  and  tho 
piicking  being  impervious  to  water  is  not  liable  to  rot  or  decay  ;  this 
is  one  of  the  peculiarities  of  the  meter,  which  is  presumed  to  have 
overcome  a  material  dilhculty.  it  lias  been  found  Irom  experience 
that  no  other  packing  would  endure  for  a  reasonable  length  of  time; 
any  other  material  which  might  be  titled  water  tight  causes  too 
much  friction,  and  is  liable  to  become  leaky  alter  wear;  even  tho 
india  rubber  would  be  open  to  the  same  objection,  were  it  not  lor  hs 
roilmg  action.  It  may  bo  observed  that,  the  rolling  packmg,  although 
admirably  suited  to  the  present  pui-pose,  would  not  be  serviceable 
on  a  piston  or  plunger  which  had  to  meet  much  i-esistance,  beinf 
eflicienl  as  a  water  light  packing  only  when  exposed  to  nearly  equal 
pressures  on  both  sides,  as  in  the  present  case,  the  piston  merely 
tioaling  in  a  current,  and  rai&ing  only  the  weight  of  tho  tumbler  F 
by  which  the  cock  E  is  worked. 

The  cock  or  valve  E,  shown  in  Figs.  4  and  5,  is  so  constructed 
as  to  reverse  tho  water  to  opposite  ports  without  the  aid  of  an  lur 
vessel,  causing  not  the  slightest  increase  of  friction,  or  any  stopj»age 
or  check  to  the  uniform  llow  of  the  water.    The  valve  barrel  is  formed 
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on  tlie  plan  of  a  fourway  cock,  the  key  or  plug  being  made  more  on 
tlie  principle  of  a  steam  throttle  valve ;  it  does  not  completely  cover 
the  ports  in  crossing  to  reverse,  but  as  the  central  position  of  the 
valve  across  the  port  is  but  momentary,  the  escape  of  water  through 
the  valve,  which  saves  the  recoil,  is  so  inappreciable  in  quantity  as 
not  to  cause  a  variation  of  one  per  cent,  under  the  most  extreme 
trial. 

The  tumbler  or  weighted  lever  F,  which  reverses  the  valve,  is 
worked  from  the  piston  B,  the  rod  of  which  carries  the  toothed 
rack  0  in  gear  with  the  pinion  D ;  the  shaft  of  the  pinion  is  in  the 
same  line  with  the  valve  plug  or  key,  on  which  is  fixed  a  pair  of  bent 
lever  arms  G  G,  Fig.  6,  placed  for  the  tumbler  F  to  fall  against  on 
either  side.  During  the  stroke  of  the  piston,  the  tumbler  is  raised 
up  to  a  vertical  position  by  means  of  a  lifter  or  stud  H  attached  to 
the  pinion  D;  but  being  loose  on  the  shaft  of  the  pinion,  immediately 
on  passing  the  centre  it  falls  over  by  its  own  weight,  striking  the 
upraised  arm  of  the  valve  B,  which  is  instantly  reversed.  The 
water  which  has  passed  into  the  cylinder  is  then  discharged  by 
the  return  stroke  of  the  piston,  and  the  action  continues  in  the  same 
manner  as  in  an  ordinary  high  pressure  steam  engine.  The  tumbler 
is  prevented  from  turning  the  valve  too  far  over  by  a  buffer  K 
suspended  loose  from  the  spindle  of  the  pinion  D  ;  the  buffer  receives 
the  surplus  force  of  the  fall  of  the  tumbler,  and  is  limited  to  a  small 
motion  by  the  checks  L ;  its  resistance  is  increased  by  the  friction  of 
the  guides  M  between  which  it  vibrates. 

The  indicating  apparatus  IST  is  contrived  to  suit  a  variable  flow  of 
the  water  and  its  non-elastic  condition,  as  it  was  found  that  the 
piston  would  not  work  to  a  definite  length  of  stroke  when  the 
volume  of  flow  varied.  When  the  discharge  was  great  the  stroke 
was  a  little  longer  than  with  a  small  discharge  ;  and  to  have  made 
the  piston  work  between  checks,  and  count  the  strokes  for  indication, 
as  has  been  done  in  other  cylinder  and  piston  meters,  would  not 
answer,  because  the  actual  distance  travelled  by  the  piston  has  to  be 
measured,  and  the  piston  must  have  a  free  and  independent  action, 
and  be  allowed  to  float  in  accordance  with  the  current ;  otherwise 
severe  reaction,  concussion,  and  derangement  would  be  produced. 
Therefore  to  obtain  accurate  registration,  the  indicating  apparatus  N 
is  attached  to  the  shaft  of  the  pinion  D,  and  made  to  move  uniformly 
forward  in  one  direction  by  means  of  a  pair  of  ratchet  wheels,  while 
the  piston  traverses  either  upwards  or  downwards,  giving  always 
accurately  the  distance  travelled  by  the  piston;  then  the  area  of  the 
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oyliiulor  being  known,  the  indication  of  tho  quantity  of  water  pawed 
throuffh  muHt  bo  corroct,  whether  long  or  sliort  Ktrokcs  be  made  by 
tho  piHton. 

Tho  ninonnt  of  bond  prcRsuro  required  to  move  and  work  tbi« 
meter  is  very  snittll,  ntid  would  rarely  bo  folt  of  any  importance. 

The  meters  for  actual  use  are  made  bo  strong  in  all  their  parts 
Rfl  to  fitand  the  heaviest  pressure  in  use  in  this  country;  they  will 
work  in  any  situation  with  complete  freedom  and  accuracy, 
irrespective  of  the  size,  length,  or  distance  of  inlet  or  outlet  pipes; 
ami  the  meter  may  l>e  placed  on  any  part  of  tlie  line  of  service  pipe 
leading  to  the  jircmises  to  be  supplied.  After  passing  through  tho 
meter,  the  outlet  pipe  may  be  branched  in  any  direction,  and  the 
water  drawn  ofl'in  any  quantity  by  as  many  outlets  or  cocks  as  may 
suit  the  convenience  of  the  consumer;  so  that  by  the  use  of  this 
meter  the  amount  consumed  is  correctly  registered,  and  no  cistern  is 
reijuired  where  a  constant  supply  can  be  obtained. 

At  tho  Nottingham  Water  Works  one  of  these  meters  was  tried, 
having  the  inlet  pipe  100  feet  long,  upon  which  was  fixed  a  pressure 
gauge,  to  detect  shocks  or  variation  of  pressure.  When  at  work  the 
pressure  at  the  meter  i-ann:ed  frcni  Oo  to  100  feet  effective  head,  the 
total  head  being  130  feet ;  the  discharge  was  2000  gallons  in  l\  houi-s, 
this  quantity  being  afterwards  measured  and  found  to  be  quite  correct. 
Though  the  trial  was  frequently  repeated,  no  decided  shock  was 
perceived  when  the  meter  was  at  work. 

At  the  Halifax  Water  Works  a  series  of  experiments  was  recently 
tried  with  one  of  the  meters.  A  new  meter  was  used  with  1  inch 
outlet  and  inlet  from  a  2  inch  main.  The  pressure  upon  the  pipes 
was  equal  to  a  head  of  water  180  feet  high.  The  test  as  to  accuracy 
of  measurement  was  made  by  filling  from  the  delivery  cock  a  standard 
gallon  measure  one  hundred  times.  At  tho  conclusion  of  the  trial 
the  meter  registered  101  gallons,  or  1  per  cent,  too  much.  On  a 
second  trial  made  in  the  same  manner  the  result  was  100  gallons 
exactly.  To  ascertain  the  loss  of  pressure  sustained  by  the  passage 
of  water  through  the  meter,  a  \  inch  nib  was  placed  upon  the  outlet, 
and  played  with  a  vertical  jet  in  front  of  a  measured  surface ;  the 
water  was  then  delivered  45  feet  high.  On  disconnecting  the  meter, 
the  same  jet  was  found  to  deliver  the  water  as  nearly  as  possible  to 
the  same  height  as  through  the  meter. 

In  reference  to  the  practical  application  of  the.se  meters,  a  good 
example  may  be  taken  from  the  town  of  Preston,  where  they  are 
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extensively  used  by  the  corporation.  In  November  1854  one  meter 
was  sent  there  for  trial,  and  approved  of;  subsequently  meters  were 
put  on  all  the  large  consumers,  and  now  about  120  are  in  operation 
there.  Previous  to  the  use  of  the  meters,  the  water  was  estimated 
at  9d.  per  1000  gallons,  but  no  satisfactory  rule  could  be  applied  as 
to  quantity ;  on  application  of  the  meters  the  rate  was  reduced  to 
6d.  per  1000  gallons,  and  notwithstanding  this  reduction,  a  great 
increase  was  made  to  the  revenue,  and  doubtless  a  vast  saving  in  the 
waste  of  water.  After  twelve  months'  constant  working  of  these 
meters,  which  had  cost  no  expense  from  wear  and  tear,  a  number  of 
them  were  again  tested,  and  found  to  work  as  well  and  measure  as 
accurately  as  when  first  put  up. 

The  meters  have  also  been  used  extensively  for  measuring  the 
feed  water  supplied  to  steam  boilers,  and  a  considerable  number  have 
been  applied  for  this  purpose  by  the  Government. 

As  regards  the  quantity  which  each  size  of  meter  would  discharge, 
no  definite  rule  can  here  be  given;  much  depends  on  circumstances 
connected  with  the  pressure  and  the  pipes  ;  but  as  a  general  rule, 
where  a  pipe  of  1  inch  bore  will  discharge  from  10  to  35  gallons  per 
minute,  a  1  inch  meter  should  be  put  on ;  but  if  by  extraordinary 
pressure  and  freedom  of  delivery  a  1  inch  pipe  would  discharge  a 
greater  quantity,  then  a  1|  inch  meter  should  be  put  on,  and  other 
sizes  in  the  same  proportion,  no  inaccuracy  being  produced  by 
whatever  size  of  pipe  may  be  put  to  the  meters,  and  the  above 
restraint  being  recommended  only  so  as  not  to  overwork  them. 
The  sizes  of  meters  at  present  made  are  f,  |,  1, 1|,  2,  3,  4,  and  5  inch 
inlet. 

As  regards  the  manufacture  of  the  meters,  it  may  well  be 
supposed  that  the  highest  degree  of  perfection  could  not  at  first  be 
attained ;  practical  difiiculties,  which  experience  alone  could  show, 
interposed  ;  the  valve  was  placed  too  far  from  the  cylinder,  the  ports 
were  not  wide  enough,  and  the  opposite  currents  meeting  with  too 
great  velocity  caused  a  shock ;  also  the  packing  of  the  valve  spindle 
gave  some  trouble.  These  difficulties  have  been  most  successfully 
overcome,  and  the  meter  has  now  attained  such  a  state  of 
completeness  as  it  is  hoped  will  satisfy  the  demands  and  conditions 
of  a  good  water  meter. 
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Mr.  Reknedy  c\}ii)tit4Hl  one  of  tlir  mrtopi  in  o|tomtioii  at  tlifliTi'iit 
M]ir<ylii,  having  ft  glnxH  cylintlor  uiul  casing,  allowing  tho  action  of  tbi* 
rolling  I      '  *■   '  '  iU  unti  tho  tunihlcr  ami  coc-k, 

Th<   '  .      ' ''  l"J^'  uinuy  of  thf  niet4.'rH  were  now  in  um. 

Mr.  Kennedy  replied  tluit  alxjut  1300  of  the  uiutcni  of  vanoiu 
aizea  were  now  at  work. 

Mr.  Mi'iR  8tutetl  that  he  had  Ux'n  preaont  at  mmv  of  tho  ox|»eri- 
ment«  at  Halifax,  whciv  iliflercut  motoi-N  had  been  tried,  but  doubled 
the  accuracy  of  the  rcHultii,  becauao  tlio  index  wa«  not  fiUIy  graduated 
to  ^)  '        "  1    '       \  litity  had  lKH.'n  guesHotI  at  from 

laii;  1  «'r  that   tho  meter  descril^etl 

registci«d  coriwrtly  when  in  goo<l  onler.  He  undcrHtood  that  one  of 
the  nieteru  in  use  there  hatl  l>een  found  to  stick  from  some  Blind  getting 
in  through  the  sci'ocn,  and  other  ractera  had  ulw)  stuck  fi-oni  other 
causes.  He  thought  the  meter  involvetl  a  defi'ct  in  principle,  fn>ui 
the  fact  that  if  the  tumbler  from  any  cause  stop]M>d  in  its  fall,  it  would 
either  allow  a  eoutinuetl  deliveiy  without  registering,  or  woulil  stop 
the  supply  of  water  altogether. 

Mr.  Neilsok  had  tried  a  piston  meter  some  20  yeare  ago,  but  had 
found  a  fatiil  difficulty  in  the  leiikage.  Many  attempts  hatl  also  lx?on 
made  for  several  yeai-s,  to  construct  water  meters  on  the  principle  of 
the  gas  meter ;  but  by  this  plan  the  pressiu-e  could  not  Ije  communi- 
cated, aiad  gas  meters  even  could  not  l>e  said  to  be  perfect.  The  gi-eat 
difficulty  in  water  metere  arose  fi-om  the  variable  pi-essui-es  under  which 
they  wei-e  i-equii-ed  to  work,  and  he  thougiit  the  cylinder  meters,  such 
as  the  present,  were  the  best  that  were  in  use ;  he  was  much  pleased 
with  the  rolling  packing,  which  was  certainly  an  ingenious  and  simple 
mode  of  preventing  leakage  with  little  friction.  It  was  imj>ortaut  to 
have  as  little  machinery  as  j)OS8ible  in  a  water  meter,  and  he  thought 
the  meter  now  doscribetl  admitted  of  improvement  in  that  resitect. 

Mr.  Kennedy  considei-ed  that  the  rolling  packing  rijig  rendei-eil 
the  piston  now  jteifect  in  resjxjct  of  packing,  and  a  pi-essure  of  only  18 
inches  head  of  water  was  requiretl  to  work  the  piston  including  the 
tumbler ;  the  piston  was  made  of  beech  wood.  Several  meters  were 
working  on  steam  boilere  at  a  factoiy  at  Lee<ls  ^^-ith  good  i-esults, 
tending  to  prevent  waste  of  fuel  by  showing  tlie  proportionate  quantity 
of  water  evaporated  in  the  boilers.  The  cost  for  rejiaii's  of  a  large 
number  of  motel's  at  Preston  had  at  present  amounted  to  not  more 
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than  £3,  and  the  charge  for  upholding  the  meters  for  10  years  was 
calculated  at  2^  per  cent,  per  annum  on  the  original  cost.  He  thought 
the  cock  would  not  be  liable  to  stand  across  the  port  so  as  to  leave  it 
permanently  open  by  any  risk  of  the  tumbler  sticking  in  its  fall,  as  had 
been  supposed.  The  packing  of  the  spindle  of  the  cock  had  been  a 
serious  practical  diflB.culty  at  first,  but  he  had  adopted  now  a  good  plan 
of  packing,  consisting  of  a  small  cupped  leather ;  this  had  been  found 
quite  water  tight  and  very  durable,  and  gave  little  friction. 

The  Chairman  asked  how  the  rolling  packing  ring  was  found  to 
wear,  and  whether  any  of  the  rings  had  been  worn  out  yet. 

Mr.  Kennedy  replied  that  none  of  the  rings  had  been  worn  out 
yet,  and  the  first  which  had  been  at  work  at  Preston  for  two  years 
appeared  as  good  now  as  when  put  to  work.  The  only  cases  of  failure 
that  he  had  met  with  in  the  whole  number  at  work  were  two  instances 
where  the  ring  had  given  way  from  a  defect  in  the  joint  of  the  india 
rubber.  Where  a  meter  was  employed  to  measure  water  in  connec- 
tion with  a  pump,  as  in  supplying  a  boiler,  every  stroke  of  the  pump 
caused  a  sudden  oscillation  in  the  stroke  of  the  meter ;  but  this  was 
entirely  prevented  by  placing  a  valve  between  the  meter  and  the 
boiler,  and  the  indication  would  then  be  given  with  great  accuracy. 

A  vote  of  thanks  was  then  passed  to  Mr.  Kennedy  for  his  paper 
and  the  working  model  exhibited. 


The  following  Paper,  by  Mr.  Edmund  Hunt,  of  Glasgow,  was 
then  read  : — 
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DESCRllTION  OF  A  IHKECTACTION  MARINE  ENOINE 
FOR   SCREW    rUOPULSlON. 

Thp  engin*>  forming  tho  Ruhjoct  of  the  present  paper,  which  in  the 
invention  of  the  writer  nnd  Mr.  Alexander  Morton,  of  fJlaAgow,  ia 
especially  deoigiuMl  for  (Irivini;  tho  Borew  proju-ller,  and  juldu  one  more 
to  the  already  numeroiiK  desi-jua  U>  which  that  iiiHtrument  of  propul- 
sion liHA  j.'iven  ristv  In  a  Kteam  ve»«el  every  inch  of  sjiace  iii  valu- 
able, and  the  snuiUer  the  sjtace  into  which  tho  euginea  can  be  got,  the 
more  suitable  they  are,  providwi  simplicity  of  details  and  convenience 
of  aiTangoiuent  are  not  lost  sight  of,  together  with  facility  of  acceiis 
to  all  part*  re«pii-ing  attention  for  adjustment  or  i-enewal.  At  the 
present  time  more  particularly  a  comitact  arningement  of  marine 
engine  is  calle<l  for,  for  driving  the  screw  propeller,  since  reasels  with 
auxiliary  jwwer  are  likely  to  be  extonsirely  ailopted,  in  consequence 
of  the  success  of  the  "  Royal  Charter  "  and  other  vessels  furnished  in 
that  manner.  Where  the  very  object  of  using  auxiliary  power  in  to 
save  space,  and  where  the  steam  power  is  only  used  when  tho  vessel 
would  otherwise  be  delayed  by  calms,  it  is  ob\'iou8  that  it  is  more 
than  ever  desirable  to  assist  in  attaining  that  object  by  making  the 
engines  as  compact  as  possible,  to  take  up  the  least  possible  room. 

It  is  in  the  class  of  engines  for  driving  the  sci-ew  direct,  or  with- 
out the  intervention  of  gearing  to  increase  the  speed  of  rotation,  that 
the  designs  of  the  greatest  compactness  are  to  be  found.  In  all  these 
engines,  with  one  or  two  exceptions,  the  steam  cylinders  have  been 
placed  with  their  axes  at  right  angles  to  the  projjeller  shaft,  either  in 
vertical,  horizontal,  or  inclined  positions.  It  must  however  have 
occurred  to  many  persons  designing  marine  engines  that  if  the 
cylinders  could  be  placed  with  their  axes  parallel  to  the  shaft  a  much 
moi-e  compact  arrangement  would  lie  obtained  than  with  the  cylinders 
in  the  ordinary  positions  at  right  anglee  to  the  shaft.  The  diflieultv 
hitherto  in  the  way  of  such  a  contrivance  has  been  the  want  of  suit- 
able means  of  imparting  a  rotator}-  motion  to  the  shaft  deriveil  from  the 
reciprocatoiy  motion  of  the  steam  pistons,  when  the  cylinders  are  placeil 
parallel  to  the  shaft.  An  intermediate  shaft  and  gearing  are  obviously 
ina^lmissible,  as  their  introtluction  would  neutralize  any  saving  of  spaoe 
that  might  othen^'ise  be  obtained  by  the  arrangement  One  or  two 
attempts  have  been  made  to  realize  the  compactness  which  the  parallel 
arrangement  seems  to  promise,  by  using  contrivances  for  making  th 
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steam  pistons  act  directly  on  the  shaft  when  placed  parallel  to  it  in  this 
manner.  Thus  it  lias  been  proposed  by  different  inventors  both  here 
and  in  America  to  make  the  outer  ends  of  the  piston  rods  work  in 
grooves  formed  obliquely  upon  a  drum  fixed  on  the  shaft ;  the  obliqiie 
or  wedge-like  action  of  the  piston  rods  in  the  grooves  of  the  drum 
causes  it  to  revolve ;  the  piston  rod  end  after  having  made  the  out- 
stroke  returns  during  the  in-stroke  along  a  portion  of  the  gi'oove  in- 
clined in  an  opposite  direction  to  that  traversed  during  the  out-stroke, 
and  the  rotation  of  the  shaft  is  thus  continued  in  the  same  direction. 
An  ob^aous  and  serious  objection  to  this  plan  is  the  great  friction  of 
the  piston  rod  ends  upon  the  sides  of  the  grooves,  which  must  occasion 
not  only  loss  of  power  bu.t  also  rapid  wear.  It  has  also  been  proposed  to 
make  use  of  a  ball-and-socket  or  universal  joint  fitted  with  arms  for 
the  pistons  and  an  arm  for  the  crank  of  the  shaft,  the  motion  of  the 
joint  being  similar  to  that  of  the  disc  in  the  disc  engme,  and  being 
communicated  to  the  shaft  in  the  same  way. 

In  the  engine  described  in  the  present  paper,  the  steam  cylinders 
are  placed  with  theii-  axes  parallel  to  the  propeller  shaft,  and  the 
reciprocating  motion  of  the  pistons  is  made  to  cause  the  rotation  of 
the  shaft  in  as  du'ect  and  simple  a  manner  as  in  any  other  dii'ect- 
action  engine. 

The  engine  is  shown  in  Figs.  1  and  2,  Plate  72. 

Fig.  1  is  a  longitudinal  section  of  the  engine,  taken  at  an  inclina- 
tion of  45°,  passiag  through  one  of  the  steam  cylindei'S,  the  propeller 
shaft,  and  the  air  pump  of  the  other  cylinder. 

Fig.  2  is  an  end  elevation  of  the  engine,  with  the  shaft  and  vessel 
in  section. 

The  shaft  A  is  made  with  a  crank  B,  which  is  turned  by  means  of 
a  lever  piece  C,  corresponding  to  the  ordinary  connecting  rod,  and 
moved  by  the  pistons  D  through  the  intervention  of  connecting  rods  E, 
which  are  little  more  than  ordinary  piston  rods,  contrived  to  allow  of 
the  very  slight  lateral  movement  required  by  the  peculiar  aiTangement 
of  the  parts. 

The  chief  peculiarity  of  this  arrangement  is  in  the  form  of  the 
shaft  A.  This  shaft  has  two  arms  FF  forged  upon  it,  nearly  at  right 
angles  to  its  axis  ;  and  the  elongated  journal  B,  or  portion  of  tlie  shaft 
which  lies  between  the  anns  F  and  connects  them,  is  inclined  to  and 
crosses  the  axis  of  the  shaft,  bo  that  the  ai'ms  stand  out  from  diametri- 


DIRECT-ACTION   MABINE   ENOISE.  161 

cally  oppoaitr  ]«oinU  of  tlio  Hhiift,  the  wholo  being  U'rmoil  a  Z  crank, 
frt»ui  iU  Kigzng  foitu.  The  craiik  H  serves  for  Ixjth  ryliudert  liO  ai»<l 
botli  air  i>uiiij>K  HIT,  iiiul  would  uervn  for  Kcvfnil  in'  '     U-n,  if 

theoe  wen>  umujgfj   ixjiuul  the  liiie  of  tl»e  blmft  A,  ei':  .4  wit" 

or  opiiOHito  to  tho  cTliiulers  sliuwn  ;  it  ia  forged  iu  a  aiiiglo  solid  |»ieoe, 
and  i«  obvioiwly  uiuch  lees  costly  than  a  shall  with  two  doubl« 
cranks  at   rij'  •  '  s  to  each  other,  such  im   in  ro<iuired  for  any 

oitliiuiry  ari.i  of  engines. 

Ujiou  the  indincil  journal  of  the  crank  B  is  |»lacc<l  the  lever  piece  C, 
couHisting  of  an  elojipited   tubular   Ixmuj  filtwl  with    •  -  work 

loosely  ujwn  tJje  jouriuil,  and  having  four  urius  or  levi  iig  out 

at  right  angles  to  tlie  journal  and  to  each  other.  The  lever  piece  C  ia 
cast  or  forged  in  two  halves,  which  ai-e  lK)lted  together  upon  the 
journal  of  the  crank  by  strong  flanges.  The  two  upjier  and  longer 
arms  I  I  are  coiuiectetl  by  ball-and  socket  joints  to  the  connecting  rods 
E  of  the  two  steam  cylindera,  whilst  tlie  lower  and  shorter  anus  KK 
are  similarly  jointetl  to  the  connecting  rotls  L  of  the  air  pumps  H. 
The  pistons  of  the  steam  cylindei-s  and  aii-  pumps  are  fitted  with 
smiUl  trunks  to  allow  of  the  very  slight  lateral  movements  of  the  con- 
necting nxls,  which  are  jointed  to  the  pistons  by  ball-and-socket  joints. 
The  crank  B  is  prevented  from  carrying  the  lever  piece  C  bodily 
round  by  means  of  a  stutl  M  projecting  downward-s  from  the  lever 
piece,  the  lower  end  of  the  stud  being  inserted  loose  in  a  slide  bKxrk 
working  in  the  segmental  grooved  guide  N.  Another  contrivance 
for  the  same  pui-jKjse  consists  of  a  semicircular  bow  or  half  gimbal 
ring,  the  ends  of  which  are  jointed  uf>on  horizontal  studs  projecting 
laterally  fixjm  the  lever  piece  at  the  level  of  its  centre,  the  buw 
turning  about  a  fixe<l  vertical  ivxis  below  the  lever  piece. 

in  explaining  the  }»eculiar  but  simple  motion  involved  in  this 
engine,  let  the  crank  B  be  supposed  to  be  in  the  jtosition  repi^esented 
in  the  figures,  incline«l  at  an  angle  of  45^.  In  this  {xxsition  the  crank 
is  turneil  up  towards  the  starboard  or  right  hand  cylinder,  and  the 
right  arm  of  the  lever  piece  is  theivfore  as  close  as  it  can  go  to  that 
cylinder,  the  piston  being  at  the  inner  end  of  its  stroke.  As  ix'gaitJs 
the  jxjrt  or  left  hand  cylinder  the  crank  B  lies  in  a  phine  at  right 
angles  to  that  pa.s.sing  through  the  shaft  and  through  the  axis  of  the 
port  cylinder,  and  tlie  left  arm  stands  at  right  angles  to  the  shaft,  the 
piston  being  exactly  at  half  stroke.  In  this  {Ktsition  if  stfam  is  ad- 
mitttnl  to  drive  the  jwiit  or  left  liMud  piiiton  oiitwaitU,  ihib  piston  will 
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hnxe  full  poAver  on  the  crank,  the  level*  piece  acting  as  a  bell  crank 
lexer  to  turn  the  crank  B.  As  soon  as  the  steam  enters  behind  the 
starboard  or  right  hand  piston,  it  begins  to  help  the  othei-,  and  when 
a  quarter  of  a  revolution  has  been  made,  the  port  piston  will  be  at  the 
end  of  its  outward  stroke,  the  starboard  piston  will  be  at  half  stroke, 
and  the  crank  will  be  in  exactly  the  same  position  with  regard  to  the 
starboai'd  piston  as  it  was  in  with  regard  to  the  port  piston  at  first, 
the  starboard  piston  now  having  full  power  on  the  crank  to  continue 
the  revolution.  Then  as  the  starboard  ]"»iston  comes  towards  the  end 
of  its  outward  stroke  the  port  piston  will  be  returning,  and  will  bring 
round  the  crank,  which  will  have  passed  its  dead  centre  as  regards 
the  port  piston.  The  motion  of  the  two  pistons  is  thus  combined,  one 
being  at  the  most  effective  part  of  its  stroke  whilst  the  other  is  on 
the  dead  centre,  as  in  common  engines  where  two  steam  pistons  are 
connected  to  cranks  at  right  angles  to  each  other. 

The  rotation  of  the  crank  causes  the  arms  of  the  lever  piece  to 
reciprocate  longitudinally,  and  the  lower  arms  K  consequently  work 
the  air  pump  pistons  in  and  oiit.  As  these  arms  are  scarcely  more 
than  half  the  length  of  the  upper  arms  I,  the  stroke  of  the  air  pump 
pistons  is  considerably  less  than  that  of  the  steam  pistons,  so  that  the 
air  pumps  have  the  advantage  of  a  comparatively  low  speed. 

The  arrangement  of  these  engines  is  very  convenient,  the  steam 
cylinders  being  placed  upon  the  tops  of  the  condensers  and  above  the 
air  pumps,  whilst  the  whole  is  combined  together  into  a  simple  and 
compact  framing.  The  shaft  A  is  carried  in  a  strong  outer  pedestal 
bearing  O,  which  is  represented  as  constructed  to  receive  the  thrust 
of  the  propeller ;  it  is  connected  to  the  condensers  by  a  sole  plate  and 
to  the  cylinders  by  two  strong  stays.  The  other  end  of  the  shaft  is 
carried  in  bearings  between  the  cylinders  and  air  pumps,  and  projects 
slightly  beyond  the  cyliaders  to  carry  eccentrics  P  for  working  the 
valves  and  feed  and  bilge  pumps.  The  valves  and  feed  and  bilge 
pumps  may  be  ari'anged  and  worked  in  various  ways,  and  the  engineer 
may  place  these  minor  details  where  he  likes,  as  the  design  of  the 
engine  affords  peculiar  facilities  for  communicating  the  requisite 
motion  in  any  way  that  may  be  desired. 

The  crank  and  lever  piece  form  the  principal  features  of  the  design, 
the  other  details  being  suscej^tible  of  considerable  modification.    Thus 
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tlirM  or  iuor«  Rt««m  c^lindt^ni  iiuiy  lie  |Ji»c6ii   ruuml  Uie  fthaft,  or  Out 

jKiwei  of  tL«"  <  iiT  Iw  tlouMttl   Mt   th«*  <  '      .ly  ItJilf  aa 

liiuch  »i>tn>-  11.      .  ,  IjT  |>luriiij;  nitotlu-r  »('(  <  '     ^  • 'luloujioni, 

Aud  air  puiupn  directly  opiKMUte  to  thmtu  nhowu  iu  tin*  diY«riit|^,  umI 
wurking  ti|ton  tlte  muu  lexer  |ii(xv  fix>iu  the  o|i|iukite  end.  Ur  tlie 
•leiuu  oyliudom  luay  be  of  «li(ltTeiit  hixru,  bo  lu  to  net  un  the  tximhintxl 
bi^h  |>ix««uiv  Miul  ixjiidfiutin^  i>}-r«t«iu.  Fur  nuxilian'  {tower  in  utttuuer* 
of  Urp)  sin*  the  two  itviim  cyliudem  iumv  Lw  jdaciHl  behiw  the  tdutfl, 
1       '        '  ^  in  thi-  urnuig«»Ui«-!       '  .. 

I        ^  ,  I      ,  ,  .<ui,  ttiul  facing  tli<  : 

|iieoe.  For  uuidl  high  prewure  cugiues  thrue  HUiall  cylindeni  mny  be 
plactxl  equidiiiUuitly  round  the  bhaft,  no  as  to  work  upon  a  three-aruied 
lever  piece ;  and  it  uiiiv  U*  utentione<l  that  with  such  an  ammgeuieut  the 
action  of  the  three  pijitoits  would  be  so  nicely  combined  that  there  would 
be  Hcaively  any  end  thrtuit  on  the  shaft  from  the  action  of  the  pistona. 

The  propeller  Khuft  luay  be  runtinued  in  either  direction  fruiu  the 
engine,  and  the  crunk  U'iug  of  isuch  a  strong  funn,  the  thrust  of  the 
propeller  may  be  received  through  it  and  on  the  extreme  end  of  the 
•haft  if  desii^.  The  shaft  in  low  down,  and  on  account  of  the  jieculiar 
form  uf  the  Bjtaoe  taken  up  the  engine  can  be  placed  as  far  aft  in  the 
veeael  ait  is  convenient ;  or  if  the  engine  is  placed  at  the  wider  jjtirt  of 
the  veAsel,  sufficient  K]iace  for  coal  bunkere  will  then  be  left  between 
it  and  the  sides  of  the  vessel.  WhiLst  however  the  oompsictness  of 
this  arrangement  is  very  great,  this  quality  is  not  acoomijaiiied  by 
any  complexity  of  |iartfi  or  other  defect ;  there  is  ao  part  about  the 
engine  requiring  attention,  or  at  all  likely  to  need  repairs,  which 
cannot  be  got  at  with  the  greatest  facility. 

The  motion  of  the  pistons  is  in  the  direction  of  the  ship's  length, 
thereby  completely  avoiding  the  transverse  or  \  ertieal  tremor  and 
Wbration  caused  by  oi-duiary  screw  engines.  The  sluift  Is  self-balamx-d, 
owing  to  the  |<eculiar  fonn  of  the  cmnk,  ami  can  cont>0({uentlv  be 
driven  at  a  higher  speed  than  on  the  common  ooiutruction,  in  which 
the  heavy  unbalanced  cranks  make  the  motion  irregular ;  and  the 
whole  arrangement  of  the  engine  is  such  as  to  re^luce  the  vibration  of 
the  moving  )>ai-ts  to  a  minimum. 

In  conclusion,  the  following  practical  results  may  be  mentioned, 
although  it  must  be  admitted  that  they  are  upon  a  diminutive  scale. 
In  the  working  model  exhibited,  there  are  two  cylinders  of  2J  incht* 
diameter  and  1|  inch  stroke ;  and  with  a  steam  iirea&uxv  of  30  Ibti.  per 
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squnro  inch  in  tlie  boiler,  a  si)eed  of  1800  revolutions  per  minute  has 
been  attained,  and  counted  by  the  counting  mechanism  of  a  meter. 
This  speed  is  eqxial  to  an  average  velocity  of  the  pistons  of  450  feet  per 
minute,  and  sho"\\  s  at  all  events  the  practicability  of  the  contrivance. 


M.  Hunt  sho^ved  a  working  model  of  the  engine,  which  was 
driven  by  steam  after  the  meeting. 

The  Chairman  enquired  whether  the  motion  was  pi-etty  steady 
when  driven  at  a  high  speed. 

Mr.  Hunt  said  that  the  engine  had  been  found  very  steady  at  all 
speeds,  and  the  higher  the  speed  the  steadier  the  motion  aj^peared  to 
be,  without  any  tendency  to  oscillation.  There  had  not  been  any 
engine  constructed  at  present  on  the  proposed  plan,  except  the  work- 
ing model  exhibited,  which  however  had  been  driven  for  some  time 
at  a  very  high  velocity. 

INIr.  Harvey  remarked  that  the  engine  certainly  occupied  a  veiy 
small  si)ace,  and  was  an  ingenious  and  effective  application  of  the 
plan  ;  but  he  thought  the  construction  would  be  expensive,  and  would 
cost  more  per  horse  power  than  oscillating  engines.  The  lever  piece 
if  of  wrought  iron  would  be  expensive,  and  it  would  require  to  be 
very  heavy  if  of  cast  iron. 

Mr.  Hunt  said  that  the  comparative  cost  of  construction  must 
from  the  novelty  of  the  design  be  a  matter  of  opinion  until  decided 
by  actual  trial. 

Mr.  Dunn  suggested  that  the  lever  piece  would  be  best  made  of  strong 
gun-metal,  which  would  avoid  the  expense  of  forging  it  into  shape. 

Mr.  Morrison  thought  there  would  be  a  great  longitudinal  thrust 
upon  the  shaft,  from  the  longitudinal  position  of  the  cylinders,  and 
gi-eater  friction  of  the  crank  than  in  the  ordinary  engines. 

Mr.  Hunt  said  that  the  thrusts  of  the  two  pistons  partly  counter- 
acted each  other,  leaving  only  a  slight  longitudinal  thrust  on  the  shaft ; 
and  with  thi-ee  pistons  they  would  be  completely  balanced,  with  no 
longitudinal  thrust  upon  the  shaft  from  the  engines. 

A  vote  of  thanks  was  passed  to  Mr.  Hunt  for  his  paper  and  the 
working  model  exhibited. 


The  follo^ving  Paper,  by  Mr.  John  Downie,  of  Glasgow,  was  then 
read : — 


ItON  OOHCTfiUCTION  or  rOUKDBT.  16ft 

DESCRrPTION      OK     AN      IIU).S       ..  »N'8'ri- ■•'"■' >N      OF 

FUL'NDKV,    AM)    AN     IMl»ROVKD     1.  OK 

MOULDING  PIPES  AND  HOLLOW  CAbT  WARE. 

The  subject  of  th«  pretieut  |Jtt|>er  i»  an  improYoJ  ap|tlication  of 
iran  to  itructurnl  purposea,  wbei-o  gn^t  lut«ral  Ktraiiut,  vuch  m»  are 
ixxajuoned  bj  the  Hctioii  of  jxiwei-ful  lifiiiig  cmuoM,  have  to  be 
i^esiatoil ;  which  has  bceu  currieil  out  iu  the  ooiuftructiou  of  the  North 
Woodiiido  Iron  Works,  erecUxl  by  tbo  Mrriter  iu  1853. 

The  I  '  '  '         "    '.     •  works  b  shown  in  Figu.  1  anJ 

2,  Phitti    .        II  i  section  alung  one  half  of  the 

fountlr)',  and  Fig.  2  a  general  plan  of  that  portion  of  the  works,  show- 
ing the  framing  of  the  roof  antl  the  i>o«ition  of  the  cranes,  moulding 
pit*j,  and  stoves,  Ac.  The  foundr}-  is  coinstructed  wholly  of  iron,  with 
the  exception  of  tho  horiztjutal  timber  framing  for  the  toj*  of  the 
cnutea.  The  8e|>arate  )Mu-t£  of  which  it  is  oomix>8ed  are  arranged  and 
1  '  «r  in  such  a  manner  as  to  resist   lateral  stniins  in  all 

I  tho  thniht  of  the  cranes  is  earrieil  down  to  the  ground 
by  a  senee  of  sloping  struts  at  the  sides  and  ends  of  the  foundry. 

The  construction  of  the  foundry  is  shown  to  a  larger  scale  in 
Figs.  3  and  4,  Plate  73,  Fig.  3  being  a  transverse  section  of  luilf  the 
shop,  and  Fig.  4  a  con-eaponding  plan. 

The  columns  A  support  the  longitudinal  girdera  BB,  the  ends  of 
which  foi :  '  ;^.g  ^j^g  p,jjjg  ^f  ^\^q  transverse  timbei-s  C. 

The  ginii        i  1  outside   to   the  struts   D  by  a  dovetail 

joint  and  bolt«,  and  the  struts  thus  serve  to  bind  the  girders  together 
while  they  receive  the  pull  or  tln-ust  of  the  strains  to  which  tho 
building  is  subjecteil.  The  foundations  for  the  columns  and  struts 
are  cubes  of  brickwork  E,  well  grouted  and  l»ound  togetlier  witli  top 
and  bottom  plates  and  tie  bolts,  the  earth  around  them  being  well 
rammed  and  securetl.     By  tliis  arrangement  t)     '  strains  of  the 

cranes  are  carried  down  into  the  ground  and  <i  I  over  a  large 

area,  gi^'iug  great  stability  and  strengtli  with  very  little  proportionate 
exi^enditure  of  material. 

The  junction  of  the  columns,  girders,  and  struts,  is  ahoim  in 
detail  in  Figs.  5  to  11,  PUte  75.  The  columns  A,  Fig.  7,  are  cast 
with  a  snug  or  projocting  piece  F  on  the  top,  iu  the  shape  of  a  T 
head.  Figs.  7  and  9,  wliich  forms  a  strong  conneotian  between  the 

X 
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girders  B  and  the  column,  and  locks  tliem  securely  together.  The 
flanges  G  on  each  girder  form  a  socket  to  receive  the  end  of  the 
transverse  timber  0,  and  the  outer  corners  receive  the  ends  of  the 
diagonals  HH.  The  girders  are  bolted  together  by  a  cross  bolt  through 
the  transverse  beam,  and  the  latter  is  secured  to  the  top  of  the  column 
by  a  vertical  bolt.  The  under  side  of  the  beam  is  notched  out  to  fit 
upon  the  head  of  the  snug  F,  which  thus  serves  as  a  tenon  to  take  the 
strain  off  the  cross  bolt  when  the  beam  is  subjected  to  a  pull.  The 
strut  D  is  cast  with  a  dovetail  jaw  I  at  the  upper  end.  Figs.  5  and  6,  which 
gi-asps  corresponding  dovetail  pieces  cast  on  each  end  of  the  girders  B ; 
the  dovetail  joint  serves  to  bind  the  gu'ders  together,  and  also  takes  the 
pull  of  the  cranes  down  to  the  foundations.  The  thrust  is  received  by 
the  strut  by  means  of  the  palm  K,  Fig.  7  ;  and  the  struts,  girders,  and 
columns  are  thus  united  firmly  and  securely,  in  such  a  manner  as  to 
offer  an  effective  I'esistance  to  all  the  strains  occasioned  by  the  work  of 
the  foundry  without  any  injury  or  distortion  of  the  frame-work  of  the 
building,  which  is  farther  strengthened  in  the  longitudinal  direction  by 
corner  brackets  bolted  to  the  columns  and  girders,  as  shown  in  Fig.  1. 
The  upper  roof  is  entirely  independent  of  the  rest  of  the  frame-work 
of  the  foundry,  and  takes  no  part  of  the  strains.  The  main  principals 
L  rest  on  the  top  of  the  transverse  timbers  C,  immediately  over  the 
columns  A,  and  abut  against  the  girders  B,  so  that  the  thrust  is 
received  by  the  struts  D  and  thrown  upon  the  foundations  in  the 
ground,  thus  obviating  the  necessity  for  tie  rods  to  prevent  spreading. 
The  work  of  the  foundry  is  carried  on  by  means  of  a  set  of  swing- 
cranes,  the  larger  of  which  are  in  the  centre  of  the  foundry,  and  the 
smaller  fixed  to  the  side  columns.  The  large  cranes  are  supported  at 
the  top  by  a  step  or  socket  M,  Figs.  3  and  4,  fixed  on  the  transverse 
timbers  C,  consisting  of  a  bearing  cast  with  sockets  on  the  upper  side 
to  receive  the  longitudinal  timbers  N  and  the  diagonals  H.  Similar 
socket  pieces  0  are  employed  at  the  intermediate  junctions  of  the 
longitudinal  and  transverse  tiinbers.  In  the  present  arrangement 
accordingly  the  longitudinal  and  diagonal  beams  are  supported  in 
their  entire  depth  by  the  transverse  beams,  and  a  good  abutment  is 
obtained  for  the  ends  in  the  sockets,  instead  of  the  ordinary 
method  of  slightly  notching  the  longitudinal  timbers  on  the 
transverse  ones,  and  then  bolting  them  together.  The  smaller 
cranes  are  principally  denick  cranes,  working  about  the  alternate 
columns  of  the  foundry. 
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Thu  tlintAaoe  between  Uie  oolumuM  niid  rouf  |iriuri|iaU  in  21  feet, 
aiul  ihf  witlth  U>tw<H*n  tlu»  two  rowt  of  coluiniig  41'  fixrt,  willj  a  ■  i 
height  of  21  fuct  uiuh-r  tho  tnuiNveitie  bcauiH.  Uy  ukiii^  nUva:.i.^^ 
of  tlie  aloiiiiig  Ntnitii  to  fonti  huIo  Uviii  to  roufit,  lui  iiicn^aMxl  width  of 
foundry  in  obtAined,  bouitded  by  Uio  dwarf  Kido  walhi  P,  at  which 
tlie  roofing  t«« ruiii »«(<••  ;  an  unintorruptt'il  flo.  ,c  r    ,  iqx^ 

wiiitJj   bolwivn   the    «lwarf    hide    walls   in   lli<  io,    a 

deNidemtuui  of  mudi  ini|>ortanoe  iu  such  urrant^'Uiouts. 

TIk'  ui)i<cr  roofinjj  t\)iuiint«  of  hlii^olH  of  oomignttHl  iron,  iiupi»orted  on 
ii-ou  purliius  carried  by  the  roof  |trinci|NiU  L.  Amplu  ventilation  is 
secured  at  the  oaves  thit>ugh  the  girvlers  B,  which  arocajtt  with  a  series 
of  0)teiiings  for  the  ]tur|K>iie ;  and  also  by  the  top  oiicixing  ruimiug  the 
entire  length  of  the  i-oof,  and  the   «.|  "ft  at  the  ■        '         f  the 

roof  Khe(.>tii.     The  foundry  islighteil  •  nom  the  k.  with 

Hartley's  rough  sheet  glasK,  fixed  iu  metal  sash  bars  which  rest  on  purlins 
carried  by  the  struts;  the  skylight  runs  nearly  the  whole  length  of  the 
roof,  so  as  to  give  a  flood  of  light  direct  upon  the  moulding  floor. 

Since  the  ei-ectiou  of  the  works  m  1852  this  coitstruction  of  foundry 
has  been  found  to  meet  all  ivquii-ements  of  reslBtance  and  strength,  with- 
outii:  .ivinginanyof  it«i)art8,although  durlngthei>eriod  that 

ha& -^  ^  has  been  subjected  occjisioually  to  sti-ains  of  between 

45  and  50  tons  on  the  cranes;  and  the  result  has  thus  pix>ved  satisfactorily 
that  iron  maybe  successfully  applied  in  preference  to  any  other  materials 
in  erections  where  great  strength  and  power  of  i-esistance  are  requireil. 

The  farther  subject  of  the  present  pa]>er  is  a  description  of  an 
impjx)\ed  process  adopted  by  the  writ4?r  for  moulding  pipes  and 
hollow  case  ware,  and  applicable  to  a  wide  nmge  of  articles,  such  as 
cast  iron  socket  pi{>es  for  gas  or  water,  rain  water  conducting  pi|*e», 
camp  ovens,  kettles,  threo-legged  pots,  shot,  shell,  guns,  mortai-s,  and 
articles  generally  of  cylindrical  or  spherical  form. 

The  internal  patt*?ni  is  made  separately  in  core  boxes  or  otherwise 
in  the  ordinary  manner ;  but  the  ))attern  for  producing  the  external 
portions  of  the  mould  is  fitted  with  a  cam,  in  the  form  of  a  collar, 
restiiig  uj»on  adjustulilc  l-t-ariiigh  in  the  fmmo-work  of  the  table  on 
which  the  moulding  ll^.^Ls  are  mmmed ;  a  portion  of  the  cam  is 
concentric  with  the  axis  of  the  jwitiem,  and  the  n*mainder  tvcentric, 
80  as  to  elevate  the  {lattem  l>etween  the  two  edges  of  the  moulding 
table  and  withdraw  it  again  accurately  by  lowering. 
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The  apparatixs  employed  for  this  purpose  is  shown  in  Figs.  12  to  15, 
Plate  75,  Avhich  represent  it  as  arranged  for  moulding  a  28  inch  socket  pipe. 
The  moulding  table  R  has  the  two  edges  SS  of  its  face,  shown  dotted, 
shaped  so  as  exactly  to  fit  the  pattern  T  when  the  latter  is  raised  with 
its  axis  level  with  the  edges  S,  as  in  Fig.  M.  The  pattern  is  fitted  with 
a  cam  or  collar  TJ  at  each  end,  of  which  the  portion  from  V  to  X  is 
concentric  with  the  axis  of  the  pattern,  and  the  remainder  eccentric. 
The  cam  U  rests  upon  the  adjustable  bearing  Y,  and  the  axis  of  the 
pattern  is  guided  by  vertical  slots  in  the  ends  of  the  moulding  table. 
On  causing  the  pattern  to  I'otate,  the  eccentric  portion  of  the  cam 
acting  on  the  bearing  Y  gradually  raises  the  pattern  till  it  bears  on  the 
point  V  of  the  cam,  when  the  pattern  is  in  its  highest  position  with  its 
centre  line  level  with  the  edges  S  of  the  moulding  table,  as  in  Fig.  14. 
The  flask  Z  is  then  placed  on  the  table  and  rammed  up  to  form  one  half 
of  the  mould,  and  the  two  faces  SS  of  the  table  form  the  "  parting 
surface  "  of  the  mould,  being  made  fair  for  this  purpose  by  planing, 
turning,  or  other  means.  The  farther  rotation  of  the  pattern  upon  the 
concenti'ic  portion  of  the  cam  from  Y  to  X  retains  it  in  contact  with  the 
mould,  and  thus  sleeks,  smoothes,  or  finishes  the  mould,  until  on  reach- 
ing the  point  X  the  pattern  is  gradually  withdrawn,  as  in  Fig.  16  ;  the 
flask  Z  may  then  be  removed  without  danger  of  injury  to  the  parting 
or  jimction  surface,  ready  for  closing  and  casting  in  the  usual  manner. 
The  same  principle  has  been  adopted  also  for  making  the  cores  or 
internal  moulds,  by  employing  a  core  barrel  made  in  three  portions, 
two  of  which  are  hinged  upon  the  third ;  the  centre  spindle  is  fitted 
with  cams  of  the  form  above  described,  which  act  upon  a  V  piece 
inserted- between  the  two  free  edges  of  the  core  barrel.  By  turning 
the  centre  spindle  the  V  piece  is  pushed  oiit  or  drawn  in,  thereby 
expanding  the  core  barrel  or  contracting  it  as  required  j  by  this 
means  the  use  of  straw  or  hay  in  core  making  is  dispensed  with. 

By  applying  this  method  to  moulding  three-legged  pots  and  other 
articles  of  that  descrij)tion,  when  the  several  pieces  of  the  mould  are 
put  together,  "  cheeks  "  such  as  are  commonly  required  in  the  ordinary 
plans  of  moulding  such  articles,  for  protecting  the  partings  of  the 
moulds,  are  by  the  present  plan  entirely  dispensed  with,  and  the  ugly 
scar  left  by  them  on  the  casting  is  avoided  j  and  instead  of  the  flasks 
being  required  in  four  2">ieces  to  form  the  mould,  three  are  sufficient, 
the  external  mould  being  made  in  two  halves  with  plugs  inserted  for 
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tho  legs.  Conaequently  sevoral  hizcs  of  [tuts  nmy  Jhj  uuule  with  the  dame 
Biztnl  Ihisks  ;  lunl  wliile  tho  j.hiut  ihOthtrwUe  simplilii-il  aiid  ixxluced  iu 
cost,  incmistHl  i-lliciency  U  obtjiiixod, since  by  thiuamingement  littleor no 
diBcretionai-y  \)ovfer  is  left  in  thi-  hands  of  the  woi kmaiu  Skilhd  laljour 
is  ifndeix'il  less  necessiiry,  iiB  thi'  luuiild  receives  the  nNnmitf  finishing 
bofoiv  k'uving  the  mixchine,  nnd  the  ieHult«  ai-e  iucreiuted  pnxluction, 
fewer  waster  castings,  and  a  better  quality  of  work  at  less  cost  for  labour. 

Mr.  DowxiK  exliibited  a  h:df  sized  model  showing  the  mode  of  form- 
ing the  junction  between  thegiRlers,  columns,  roof  princiijals.and  strut*. 

The  Chairman  jcske^l  how  many  cnines  were  fixed  in  tho  building 
that  had  been  descriW'd. 

Mr.  DowNiE  replied  that  17  ci-ancs  had  been  put  up  in  the  foundry, 
and  the  greatest  weight  that  had  l>een  lifted  at  once  by  one  ci-ane  was 
about  45  tons,  theother  cranesdoingtheirordinury  workat  the  same  time. 
Mr.  Fairbairn  enquired  how  the  longitudinal  and  diagonal  staying 
of  the  roof  fiuming  was  manageil,  so  as  to  resist  the  severe  thnist  of 
the  heavy  cranes  in  the  different  directions, 

Mr.  DowxiE  explained  that  the  present  construction  of  upjier 
roof  framing  required  no  diagonal  stays  or  tie  rods,  the  thiiist  of  the 
principals  and  cranes  being  canied  down  the  sloping  strut*;  to  the 
groimd  foundations,  so  that  each  jxjrtion  was  directly  supported  and 
stayed  from  the  ground. 

Mr.  Fairbairn  observed  that  the  whole  building  was  in  fact  like 
a  tent  without  walls,  carried  down  to  the  ground  on  all  sides.  It 
was  certainly  an  ingenious  and  economical  ai-i-angement,  well  adapted 
for  situations  where  land  was  cheap,  but  not  so  admissible  where  land 
was  dear,  from  the  gi-eater  extent  of  ground  covered  for  the  same 
accommodation  within  the  building. 

The  Chairman  enquired  what  was  the  position  in  which  the 
cujKjlas  wei*e  j)l:iced  in  the  foundry. 

Mr.  DowNiE  said  that  the  i-everberatory  air  furnace  ami  two  large 
cui>olas  were  i)laced  in  the  intenial  angle  of  the  building,  each  witliin 
the  range  of  two  cranes,  and  all  the  cranes  communicated  with  one 
another  through  the  intermediate  ones,  two  other  smaller  cui)ola8 
being  placed  at  the  side. 

Mr.  Fenton  asked  what  ext«nt  of  the  roof  was  available  as  a  working 
shop. 

Mr.  Down  IE  stated  that  tho  foundry  for  heiwy  work  was  84  feet 
wide,  clear  between  the  dwaii'  side  walls,  and  being  right  angled  was 
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168  feet  long  eacli  Avay  ;  the  foundry  for  light  work  was  a  continua- 
tion of  the  same  roofing,  and  the  whole  area  under  cover  was  about 
1\  acres,  or  60,000  square  feet  eflfective  moulding  floor  room. 

Mr,  Beyer  enquired  what  was  the  size  of  the  centre  part  of  the 
building,  and  what  was  the  whole  cost  per  square  yard  upon  the 
ground  covered. 

Mr.  DowNiE  replied  that  30s.  per  square  yard  was  the  average  cost 
of  the  whole  building  divided  by  the  area  enclosed  within  the  walls. 
The  centre  portion  swept  by  the  cranes  was  42  feet  width  between  the 
two  rows  of  pillars  and  2 1  feet  height  clear  under  the  transverse  beams. 

Mr.  Morrison  enquired  why  travelling  cranes  were  not  used  instead 
of  the  radiating  cranes  shown  in  the  drawing ;  there  was  some  objection 
at  first  on  the  part  of  the  men  against  travelling  cranes,  because  the 
men  placed  aloft  suffered  the  inconvenience  of  the  steam  rising  from 
the  hot  sand ;  but  his  OAvn  experience  had  led  him  to  consider  travel- 
ling cranes  more  convenient  and  economical  for  working  a  foiuidry, 
and  in  the  construction  of  foundry  now  described  they  would  do 
away  with  the  necessity  for  the  outer  struts. 

Mr.  DowNiE  said  that  if  two  or  three  travelling  cranes  were  used 
they  would  interfere  much  with  one  another  during  the  process  of 
casting,  and  it  would  be  impracticable  to  get  through  such  large 
quantities  of  work  as  with  swing  cranes.  He  accordingly  preferred 
radiating  cranes  for  foundry  purposes,  although  for  other  work,  such 
as  in  erecting  shops,  the  former  might  be  preferable.  The  radiating 
cranes  were  more  readily  and  quickly  shifted  than  travelling  cranes, 
and  none  of  the  men  were  required  aloft,  but  all  remained  below, 
ready  to  help  at  any  time  in  the  work  going  on.  On  these  accounts 
he  had  been  led  by  his  own  experience  decidedly  to  prefer  swing 
cranes  to  travelling  cranes  for  working  a  foundry. 

Mr.  Morrison  thought  an  important  objection  to  swing  cranes  was 
that  they  wasted  so  much  room,  causing  inconvenience  often  in  extra 
shifting  of  the  moulds  to  make  room.  If  a  travelling  crane  were  at 
one  end  of  the  foundry  it  could  carry  the  metal  the  whole  length  of 
the  foundry  direct,  but  with  swing  cranes  this  could  be  done  only  by 
changing  from  one  to  another.  In  his  own  foundry,  which  was  45  feet 
wide,  a  single  travelling  crane  was  used  running  the  whole  length,  and 
served  the  f oundiy  very  conveniently.  It  was  worked  by  two  men,  who 
could  come  down  by  a  ladder  when  wanted,  but  they  usually  remained 
aloft,  as  they  were  so  constantly  required  there.     The  crane  was  con- 
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Btructed  with  two  1-1  inch  l>caius  of  Ml-uicI  timber, and  managed  a  15  ton 
casting  roudily,  or  about  22  toiui  total  weight  iuci tiding  tiond  and  boxes. 

Tho  CiiAiKMAM  ohservinj  there  was  certainly  an  advantage  in 
having  tlio  nu'n  all  rt*a«ly  Ik?1ow  in  a  foundry,  wlioru  their  help  might 
be  requinnl  at  any  moment.  If  a  travelling  crane  were  worked  by 
hand  |>ower  the  men  were  re(|iiired  to  l>e  ulofl  pretty  constantly, 
whether  wantod  or  not,  so  as  to  be  ready  without  delay. 

Mr.  McFablane  decidedly  preferrtHl  travelling  craneti  for  foundry 
pur)>o8e8  where  a  regular  run  of  the  same  class  of  castings  was  made, 
such  as  pil>es,  ic. ;  but  there  was  no  occasion  to  have  the  men  aloft, 
esjKH.nally  for  the  lighten-  description  of  castings  ;  he  liad  a  tni veiling 
crane  worked  entii*ely  fixjm  below  by  a  winch  and  chain,  over  a  ^^idth 
of  20  to  25  feet ;  two  men  could  travel  the  crane  with  a  weight  'of 
from  2  to  3  tons.  Where  much  shifting  however  was  re4uinHl, 
swing  cranes  might  be  advtuitageously  used, 

Mr.  Down  IE  thought  that  the  advantage  that  had  been  named  of 
a  tiiivelling  crane  carrying  metiil  the  whole  length  of  the  foundry 
would  not  be  found  to  exist  in  practice,  as  a  great  number  of  work- 
men must  necessarily  be  kept  waiting  till  it  was  disengaged,  and 
where  large  quantities  were  melted  this  would  amount  to  a  serious 
loss.  "With  the  swing  cranes  the  passage  of  the  metal  was  the  work 
of  only  a  minute  or  two,  and  then  the  cranes  were  at  the  service  of 
the  intermediate  workmen,  with  scarcely  any  delay  fi-om  waiting.  At 
the  London  Works,  Renfrew,  in  that  neighbourhood,  travelling  cranes 
had  given  place  to  swing  cranes,  and  he  Ijelieved  for  the  same  reasons. 

]^Ir.  Harvey  thought  it  was  an  impoi-tant  question  whether  steam 
or  hand  |X)wer  wei*e  the  chea}>est  ami  most  suitable  for  working  foundry 
cranes.  He  i-emembered  that  at  Mr.  Neilson's  Hyde  Park  Foundry, 
where  thei-e  was  a  set  of  swing  ci-anes,  12  feet  long,  lifting  4  J  tons 
each,  a  trial  was  made  of  the  comjmrative  advantage  of  steam  and 
hand  |>ower,  and  it  was  found  that  in  casting  large  jii|>es  by  hand 
labour  G  men  working  2  houi-s  wei-e  required  for  aiiiting  each  pil*e.  A 
steam  cylinder  of  5  inches  diameter  and  12  inches  stroke  was  then 
applied  to  one  of  the  cranes,  to  lift  the  metal  and  pour  it  into  the 
mould,  and  35  minutes  only  were  then  requii'ed  for  the  casting, 
including  drawing  the  core  bai-.  Four  steam  ci-anes  were  set  to  work 
at  first  at  the  end  of  the  foundry  where  thei«  were  the  lai-gest  weights 
to  Ije  lifted,  and  weiv  found  to  answer  so  well  that  steam  power  was 
applied  to  all  the  cranes  in  the  foundry  except  some  of  small  sute. 
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The  steam  pipe  was  carried  through  the  foundry  like  a  gas  or  water 
pipe,  and  by  turning  on  the  steam  the  cranes  were  put  in  motion  as 
easily  as  by  hand  labour,  and  were  completely  under  control.  Great 
economy  of  time  was  thus  effected,  and  saving  in  the  amount  of 
labour  required  in  the  foundry. 

Mr.  DowNiE  said  that  he  had  found  hand  labour  sufficient,  and 
considered  it  safer  for  the  moulds  and  chains,  &c. ;  he  thought  it  more 
economical  for  his  work  than  steam  power,  though  it  might  be  other- 
wise in  the  case  of  a  different  class  of  work,  such  as  had  been  referred 
to,  where  the  cranes  would  be  kept  almost  constantly  in  motion. 

Mr.  McFarlane  was  not  aware  whether  steam  power  was  pre- 
ferable for  general  jobbing  work;  he  feared  it  would  scarcely  be 
manageable  enough ;  it  was  more  applicable  for  moulding  purposes 
where  a  large  run  of  the  same  kind  of  goods  was  required. 

Mr.  E.  Jones  thought  there  was  more  perfect  control  over  the 
crane  with  steam  power  than  with  men,  and  steam  was  more 
thoroughly  under  command  for  instant  application  when  required. 
He  understood  there  was  a  foundry  in  that  neighbourhood  where  the 
application  of  steam  power  was  carried  out  so  completely  as  to 
dispense  with  men  for  moulding  as  well  as  casting,  producing  greater 
accuracy  as  well  as  economy  of  work. 

Mr.  FoTHERGiLL  observed  that  much  time  was  unavoidably  lost 
in  calling  the  men  together  in  a  foundry,  when  the  power  was  wanted 
to  be  suddenly  concentrated  for  a  particular  purpose  ;  but  with  steam 
power  there  was  the  great  advantage  of  the  whole  power  being 
instantly  available  at  all  times. 

The  Chairman  said  that  for  general  purposes  he  decidedly  preferred 
steam  power  for  working  cranes,  and  in  his  own  erecting  shop  had 
found  great  advantage  in  working  both  radial  and  travelling  cranes  by 
steam  power.  A  shop  of  45  feet  span  had  a  travelling  crane  running 
the  entire  length,  and  driven  by  a  shaft  100  feet  long  with  a  groove 
in  it,  which  communicated  motion  to  the  various  parts.  Four  radial 
cranes  were  also  employed,  the  travelling  crane  working  over  them. 

He  proposed  a  vote  of  thanks  to  Mr.  Downie  for  his  paper,  which 
was  passed. 

The  following  Paper,  by  Mr.  E.  D.  Chattaway,  of  Edinburgh, 
was  then  read  : — 
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l>K.SC'RirTi()N   UF  A   C'KNTKAL   HLFKINU    AND    DKANV 
ING  APPARATUS    FOR   RAILWAY  CARRIACiKS. 

Tlio  fivqui'iicy  of  accident*!  urising  from  the  insufficiency  or  <Iefoct- 
ive  nutui-e  of  milwftv  couitliiigs,  nioro  eHpocially  those  of  the  wjigon 
stock,  intluce<l  the  writer  to  oiitlenvour  to  discover  Home  Kimple  and 
inexpensive  means  of  n-nieilying  so  sorious  an  evil  ;  and  he  wujj  IchI  to 
the  conclusion  that  a  new  fonii  of  coupling  c<iml»ine<l  with  a  ceutrv  hufler 
wa.s  the  only  efl'ectual  nimle  of  accomplishing  the  desired  end.  He 
accoitlingly  adopted  the  arn\ngenjent  descriJ»ed  in  the  present  pajxir, 
the  principle  of  which  is  a  oomhination  of  the  whole  bufling  coupling 
and  di-awing  mechanism  uj)on  one  central  vod,  thereby  disf^naing  with 
the  \ise  of  sepamtc  corner  buffei's  and  side  chains. 

The  central  bufting  and  di-awing  apparatus  is  showni  in  Figs.  1,  2, 
and  3,  Plat<?  7C. 

Fig.  1  is  a  side  elevation,  and  Fig.  2  a  plan  of  the  new  coupling 
working  in  connection  with  an  ordinary  di-awhook  ;  and  Fig.  3  in  an 
end  view  of  the  bufler  head. 

The  buffer  and  drawhook  are  constructed  in  one  piece,  and  the 
buffer  head  A  instead  of  being  circular  Ls  made  of  the  jjeculiar  fomi 
shown  in  Fig.  3,  The  lower  ixu-tion  only  is  curvilinear,  and  the 
upj>er  pai-t  is  made  naiTow,  and,  while  presenting  a  buffing  surface  in 
front,  is  shaped  on  its  inner  side  similar  to  a  drawhook,  for  the  pur- 
pose of  recei^^ng  the  coupling  link  B,  which  works  \i\>on  it  as  ujiton 
an  ordinaiy  drawhook,  and  thus  fonns  a  complete  hook  and  link 
connection.  The  draw  rod  C  is  screwed  near  the  end  just  within  the 
buffer  head.  Upon  this  screwed  part  is  fitted  the  adjusting  nut  and 
collar  D  with  projecting  anus  E,  Fig.  2,  eanying  the  large  coupling 
link  B.  The  coiipling  can  thus  be  drawn  hard  up  or  slackened  off  by 
means  of  the  j^endulous  lever  F,  as  occasion  may  require. 

It  will  l)e  seen  from  this  description  that  the  apparatus  is  simple  in  its 
details,  ancl  consequently  inexpensive  and  not  liaVde  to  get  out  of  oixler. 

The  ordinary  coupling  and  buffing  ai'rangements  as  applie<l  to  rail- 
way wagons  ai-e  oj>en  to  several  objections.  As  there  is  no  means  of 
tightening  up  the  couplings,  there  is  always  a  considerable  amount  of 
play  between  the  adjacent  vehicles  in  a  train,  fi"e«juently  as  much  aa  18 
inches  in  wagons.     The  effect  of  this  is.  in  the  firet  place,  to  lengthen 
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the  train,  thereby  causing  a  greater  expenditure  of  motive  power,  owing 
to  increased  eflfect  of  the  wind  and  pressure  of  the  flanges  of  the  wheels 
against  the  rails  when  running  through  sharp  curves ;  and  in  the 
second  place,  to  render  the  couplings  liable  to  break  or  to  become 
detached  from  the  drawhooks,  in  consequence  of  the  train  being  started 
and  stopped  in  detail  by  a  series  of  sudden  and  violent  jerks ;  this 
jerking  action  also  causes  a  severe  strain  iipon  the  draw  springs  and 
often  breaks  them,  besides  acting  injuriously  upon  the  permanent  way 
and  increasing  the  risk  of  conveying  goods  of  a  fragile  nature.  As 
regards  corner  bvifFers  they  are  objectionable  from  the  circumstance  of 
the  two  buffers  being  seldom  struck  at  the  same  instant  or  with  the 
same  degree  of  force,  even  on  a  perfectly  straight  line,  while  on  curves 
the  buffing  action  is  mainly  confined  to  one  side  of  the  train,  severely 
straining  the  framing  of  the  vehicles  and  having  a  tendency  to  force 
the  tenons  out  of  the  mortices.  Besides  tending  to  damage  the  rolling 
stock,  this  action  also  tends  to  injure  the  permanent  way,  and  to 
increase  the  cost  of  maintenance  of  both.  It  is  also  to  be  i-emarked 
that  the  ordinaiy  buffers  and  couplings  are  always  opposed  to  instead 
of  being  in  harmony  with  each  other,  the  couplings  being  slackened  as 
the  buffers  are  brought  into  play,  and  vice  versa ;  and  the  reaction  of 
the  buffers  has  sometimes  fractured  the  couplings.  A  fatal  accident 
from  this  cause  has  come  v/ithin  the  personal  knowledge  of  the  writer. 
A  farther  objection  to  the  ordinary  couplings  is  the  difficulty  and 
delay  frequently  experienced  in  attaching  and  detaching  wagons,  since 
unless  the  couplings  be  slack  it  requires  a  violent  shunting  together 
of  the  train  to  allow  the  coupling  link  to  be  slipped  over  the  drawhook ; 
and  if  the  drawhooks  be  close  to  each  other  before  the  coupliug  has 
been  lifted  up,  the  train  has  to  be  drawn  apart  to  admit  of  the  link 
being  raised,  and  then  shunted  together  again  in  order  to  be  attached. 
Independent  of  the  extra  expenditure  of  engine  power  and  wear  and 
tear  of  rolling  stock  occasioned  by  this  shunting,  it  is  also  a  fruitful 
source  of  accident,  as  it  appears  that  no  fewer  than  ten  persons  were 
killed  and  eight  injured  during  the  last  year  by  being  crushed  between 
the  buffers  while  engaged  in  coupling  carriages  and  wagons. 

It  is  submitted  that  by  the  adoption  of  the  central  buffing  and 
coupling  apparatus  now  described  these  objections  will  be  obviated,  as 
the  apparatus  presents  the  following  advantages  : — 
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Firatly,  economy  of  OMt  and  Himplicity  of  couiiU-uction,  the  oo«t 
b#ing  less  than  two  thinln  that  of  the  corner  buffer  arrangement  ;  the 
parta  ai-e  few,  eaiiily  fittt-tl  together,  and  not  liahlo  to  get  out  of  order. 

Secondly,  facility  of  coupling  and  uncoupling ;  it  requireM  no 
sudden  Khunting  of  the  train  together  to  slip  the  coupling  over  the 
drawhook,  since  the  coupling  link  is  attached  to  a  collar  moving  freely 
i-ound  the  drawl>ar,  and  can  thuH  Iw  i-aiseil  and  attached  even  when 
the  buffer  head  is  in  contact  with  the  drawhook. 

ThirtUy,  saving  in  dead  weight  ;  the  new  coupling  i*  upwards  of 
,1J  cwt.  per  wagon  less  than  the  average  weight  of  the  ordinary 
buffing  and  co»ipling  appamtus  ;  this  in  a  train  of  30  wagons  gives  a 
saving  of  dead  weight  e<pial  to  8^  tons.  Taking  the  cost  of  hauling 
one  ton  at  -2(^(1.  per  mile,  the  money  saving  averages  lC>5d.  per  train 
mile;  or  assuming  the  average  daily  mileage  of  a  train  to  be  120 
miles,  the  daily  saving  is  lfi«.  6c/.  per  train,  equivalent  to  the  wages 
of  the  engineman,  fireman,  and  guard. 

Fourthly,  the  reduction  in  wear  and  tear  of  wagons,  by  lessening 
the  amount  of  shunting  and  the  sudden  jerking  of  the  wagons.  Also 
the  buffers  being  in  the  centi-e  of  the  wagon  or  carriage  are  always 
practically  in  the  same  straight  line,  and  receive  the  whole  force  of 
the  shock  when  the  train  collapses,  thus  relieving  the  train  from  the 
severe  strain  to  which  it  is  subjected  when  comer  buffers  are  used. 

Fifthly,  the  non-liability  of  this  apparatus  to  break  away  or 
become  uncoupled,  the  parts  being  few,  simjde,  and  made  of  suitable 
strength,  and  the  couplings  being  drawn  tight  up. 

Sixthly,  economy  of  motive  power  and  cost  of  maintaining  the 
permanent  way.  The  centre  buffers  and  couplings  do  not  reijuire  so 
much  space  between  each  wagon  as  the  oi'dinary  buffei-s.  They  also 
save  space  by  the  .coiiplings  being  screwed  tight  up,  the  present 
wagon  couplings  having  from  6  to  18  inches  play.  Taking  the  saving 
of  space  between  each  wagon  at  14  inches,  this  will  amount  to  a  total 
saving  in  length  of  '65  feet  in  a  train  of  30  wagons.  Fai'ther,  the 
buffing  action  being  in  one  continuous  line  at  the  centre  of  the 
can-iages  or  wagons,  there  is  little  tendency  to  any  transverse  action 
or  pressing  of  the  flanges  of  the  wheels  against  the  rails  while  pass- 
ing round  cm'S'es,  aa  is  the  case  with  the  comer  buffing  system,  which 
causes  a  considerable  loss  of  engine  power  and  acts  injuriously  upon 
the  i>ermaneut  way.     The  writ^^r  believes  that  the  general  cx|>eneuce 
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of  "woi'kirig  railways  corroborates  tlie  opinion  tliat  a  long  train  takes 
moi'e  power  per  ton  to  drag  it  along  than  a  short  one. 

The  centre  buffing  and  coupling  apparatus  has  been  applied  to  two 
of  the  minei'al  wagons  running  on  the  North  British  Railway,  with  a 
view  of  determining  the  practicability  of  using  it  conveniently  in  con- 
nection with  the  ordinary  buffers  and  couplings.  These  wagons  have 
been  ru.nning  for  nearly  five  months  upon  one  of  the  coal  branches 
have  a  gradient  of  1  in  25  with  curves  of  300  feet  radius,  and  the 
result  has  been  to  establish  decisively  the  feasibility  of  the  centre 
buffers  working  satisfactorily  -  amongst  stock  with  corner  buffers. 
Arrangements  are  now  being  made  for  the  more  extended  use  of  the 
centre  buffer  in  consequence  of  the  success  of  this  experiment. 

It  may  be  observed  in  conclusion  that  the  centre  buffer  and  coupling 
being  economical  in  fii'st  cost  and  sound  in  principle  is  well  adapted 
for  inti'oduction  in  our  colonial  railways  and  for  application  to  cattle, 
coke,  and  mineral  wagons,  many  of  which  have  at  present  no  spring 
buffers  ;  and  that  it  forms  a  convenient  coupling  for  tenders,  relieving 
the  framing  of  the  engine  from  injurious  strains  when  shunting. 


Mr.  Chattaway  showed  a  full-size  s]Decimen  of  the  central  buffer 
and  coupling,  as-applied  to  a  railway  carriage. 

Mr.  Dunn  observed  that  the  Dublin  and  Kingstown  line  had  been 
worked  with  centre  buffers  on  the  carriages  for  many  years  after  first 
startmg,  and  the  same  plan  had  been  adopted  also  on  some  of  the 
engines. 

]Mr.  Fexton  said  that  the  plan  referred  to  was  different  from  the 
one  now  described,  and  not  suitable  for  joining  with  rolling  stock 
of  the  oi'dinary  description. 

jVtr.  Chattaway  understood  that  the  central  buffers  on  the  Dublin 
line  had  worked  quite  satisfactorily,  but  had  been  recently  altered  to 
side  buffers,  because  of  joining  another  line  having  side  buffers,  as 
the  central  buffers  that  had  been  in  use  could  not  be  adapted  to  work 
with  side  buffers. 
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Mr.  H.  IvOUEBTOOX  thought  then*  waa  one  priniun'  objection  to 
the  m'w  airttnj,i'iinnt,  that  iii  bulTing  the  blow  would  not  \-  ' 

by  thchtrongiHt  |«ut  of  tlio  frame.     In  tht>  |iiv«ent  coiu>u  « 

Block  with  hiJi-  biiirt'i-H  ihih  wjuj  i«mvidt*tl  for,  tut  the  whole  of  th«- 
aiiles  of  the  wagou  an  w»ll  lut  Uu*  fnuue  i»rvwjnU.-«l  a  rt*«ujtiuice  to  the 
shock  of  inifllng. 

Mr.  CiiATTAWAV  thought  the  tUlliculty  would  U?  Huniiounte*!  by 
waking  the  ceutro  draw  Imr  nerve  uh  the  bulFer  ixxl,  tlic  draw  l»ar 
running  continuously  through  the  fnimeH  of  the  ciirriagfH,  so  as  to 
convey  the  shock  from  the  extreme  carriages  through  diivct  from  one 
carriage  to  another,  witliout  acting  ujKjn  th«'  fntmen  of  the  int^-r- 
mediatc  caniages. 

Mr.  Tosh  renuukiil  ilmt  the  fnuning  wouM  li:i\c  u>  Im-  m-in 
strong  to  withstand  the  action  of  the  whole  bulling  btrain  in  the 
centre  instead  of  receiving  it  dii-ectly  on  the  ends  of  the  main 
longitudinal  timbere  as  in  the  ordinaiy  arrangement ;  and  a  difleix*nt 
arrangement  of  the  frame  would  l^e  necessary  wherever  the  new  plan 
was  to  be  adopted.  The  proi)Osed  arrangement  did  not  api)ear 
sulticiently  strong  to  stand  shunting  with  a  iwwerful  engine  ;  and  in 
the  case  of  two  of  the  new  bufler  heads  coming  together  in  a  ti-ain, 
the  coupling  link  would  rest  on  the  top  of  the  draw  bar  out  of  the 
horizontal  line  of  traction,  which  would  have  a  gi-eat  tendency  to 
bend  the  draw  bar,  and  would  throw  more  weight  upon  one  pair  of 
wheels  than  the  other.  He  did  not  see  that  there  conld  be  any 
economy  in  the  sjjrings,  «tc.,  as  their  strength  must  be  doubled  to 
retain  the  same  resistance  as  w^as  given  by  the  oi-dinai-y  plan  of  two 
buffers. 

Mr.  MouRisoN  had  seen  the  working  of  the  centi«  buffing 
apparatus  tliat  had  been  tiied  on  the  North  Bntish  Railway,  but 
thought  it  would  interfere  with  safety  ;  the  pvdl  in  drawing  wius  on 
the  top  i>art  of  the  coupling  hook,  but  the  buffing  was  receiveil  on 
the  bottom,  and  this  action  had  a  great  tendency  to  break  the  hook 
off.  He  understood  that  in  a  tender  to  which  the  centre  buffer  had 
been  applied  it  had  been  found  necessary  to  strengthen  the  frame  by 
jiutting  in  two  longitudinal  b«-ams  in  the  centre. 

Mr.  Festos  oljseivctl  that  there  would  be  a  difficulty  in  starting  a 
heary  goods  train  if  the  couplings  were  all  tight  up,  an  it  frequently 
happened  that  the  ti-uin  could  Ijc  movotl  only  by  starting  one  wagon 
at  a  tiu'.c,  ami  not  the  whole  train  at  once. 
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Professor  Eankine  tliought  it  must  always  be  requisite  to  provide 
for  slack  couplings  between  the  wagons,  as  a  lieavy  traiti  of  wagons 
had  to  be  started  one  at  a  time,  in  order  to  overcome  the  inertia  of 
the  wagons. 

Mr.  Harvey  remarked  that  an  objection  had  been  made  to  having 
the  couplings  slack  between  the  wagons  of  a  train,  as  they  were 
liable  to  be  broken  by  the  sudden  snatch  of  the  engine  in  starting ; 
but  this  might  be  prevented  by  applying  the  power  more  gradually. 
He  had  some  years  since  designed  a  balanced  regulating  valve  for  a 
large  locomotive  engine,  to  remove  the  complaint  of  breaking  the 
couplings,  by  causing  a  very  gradual  admission  of  steam  through 
a  V  sliaped  port  with  a  compound  lever,  to  give  a  very  small  opening 
of  the  valve  at  first  by  a  long  motion  of  the  handle. 

A  vote  of  thanks  was  passed  to  Mr.  Chattaway  for  his  paper  and 
for  the  specimen  exhibited. 


The  following  Paper,  by  Mr.  Robert  Harvey,  of  Glasgow,  was 
then  read  : — 


SUQAR    KVArORATOll.  \7'J 

nKscRirrioN   ok  an   iMrKovKi)  su(;ak 

EVAPOKATINci    ArPAHATI'S. 

Ill  concentmting  ctuie  juice,  aft«r  it  \i&h  beou  exprusiuHl  \>j  the  i-aiie 
mill,  n  variety  uf  prucetiseM  havu  btHjii  udo|»t«d  ;  th«  a|i|iiiratuit  uiottt 
geuerally  iu  um)  is  calleil  the  "  Battery,"  and  coiiHijitA  of  five  or  six 
)MU)ti  all  plimnl  in  a  Hue,  each  le^s  tliaii  the  |irec<Mling  une  iu  the 
jiwportion  that  the  liquor  iH  coiiceutiiit«<i.  The  liquor  is  lirnl  put 
iuto  the  lar;g;e8t  pan,  and  ladled  from  one  to  another  sucoeflHi%'ely  till 
itA  arrival  at  the  lajst,  culle^l  tlie  "  finishing  teache,"  in  which  the  sugar 
is  brought  to  the  i-e<juii-ed  density.  It  ia  thence  taken  to  the  curing 
house  where  it  is  placed  in  buititdle  veshelii  for  allowing  the  complete 
dmiuogu  of  all  the  molaMbt'H  or  uncrystullizable  i*ortiou,  a  large  paii,  of 
which  however  can  l»e  n*ndeit?<l  into  sugar  by  i-eboiliug,  which  i» 
mostly  effecteil  in  i-etlneries  in  this  country. 

In  the  battery  process  the  greatest  danger  arises  near  the  termina- 
tion of  the  boiling  in  the  teaches,  under  which  the  lire  is  immeiliutely 
placed.  The  density  to  which  the  sugar  has  been  brought  i-endei-s 
carbonization  difficult  to  Ije  avoided  at  this  stage  of  the  pnx-ess,  and 
great  care  is  necessary  in  the  management  of  the  fire. 

To  meet  these  diliiculties,  the  improved  apj^ai-atus  de8cril)eil  in 
the  pi^sent  paj)er  has  been  invented,  by  which  the  i-equisite  degive  of 
concentration  can  be  ai-rived  at,  without  the  |iot>sibility  of  applying  a 
temperature  injuriously  high. 

The  "  Bour  "  pan,  name<^l  after  the  inventor,  and  now  succeshfully 
in  oijenition  in  many  of  our  sugar-growing  colonies,  is  sliown  in  Figs. 
1,  2,  and  3,  Plate  77.  '  It  consists  of  a  series  of  thin  hollow  discs  of 
copper  A  A,  securely  fixed  upon  a  central  axis  B.  The  discs  ai-e 
heated  and  mointaineti  at  a  uniform  temijeratui'e  by  steam,  which 
enters  at  one  end  through  the  hollow  axis  B.  A  section  of  the  axis  is 
a  cross.  Fig.  3,  the  edge  of  each  portion  having  a  flange  set  to  one  side, 
forming  longitudinal  gnxtves,  the  use  of  which  iit  to  ret^iin  the  con- 
densed ^^ater  from  the  ssU-am,  and  deliver  it  at  the  e\ti-vme  end  of  the 
axis.  Tlie  axis  is  about  U  feet  long,  and  has  fitteil  u|K>n  it  10  hollow- 
discs  A  A,  3  feet  in  diameter.  In  the  inside  of  each  disc  are  two 
spoons  C,  fixed  to  one  side  of  the  disc,  and  rimuing  from  the  centre 
to  the  ciix'umference ;  these  collect  the  water  of  condeiuiation  from 
the  steam,  and  terminate  iu  tubes,  deliveruxg  the  water  iuto  the  lougi- 
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tiidinal  grooves  in  the  axis  B.  On  the  outside  of  the  discs  are  a  series 
of  small  buckets  D,  which  lift  the  liquor  as  the  discs  move  round,  and 
being  open  at  the  sides  allow  a  quantity  of  it  to  be  distributed  in  a 
thin  equable  film  over  the  entire  portion  of  the  surface  of  each  disc 
that  is  not  immersed  in  the  liquid.  This  is  a  feature  in  the  machine 
that  is  peculiarly  favourable  to  the  liberation  of  water  from  the  liquor 
undergoing  concentration,  when  it  approaches  the  density  necessary 
for  finish.  The  axis  B  is  mounted  on  a  frame  E  carrying  a  flat 
shallow  pan  F,  the  bottom  of  which  is  curved  to  a  radius  about  1|- 
inch  longer  than  that  of  the  discs ;  into  this  pan  the  cane  juice  is  put, 
after  having  been  evaporated  in  open  pans  to  28°  or  30°  Baume. 
When  the  concentration  has  been  carried  to  the  required  degree,  the 
remaining  liquor  is  run  out  of  the  pan  by  a  valve  and  pipe  G. 

The  discs  are  made  to  revolve  about  10  times  per  minute  and  are 
driven  by  a  strap  and  pulley  H  on  the  axis  B.  The  exhaust  steam  from 
a  high  pressure  engine  is  made  to  enter  at  one  end  of  the  hollow  axis  at 
2  lbs.  per  square  inch  pressure  above  the  atmosphere,  and  the  large 
amount  of  heating  surface  which  the  discs  expose  for  the  steam  to  act 
upon  is  the  source  of  the  efliciency  of  the  apparatus  as  an  evaporator. 
The  low  temperature  under  which  the  process  is  effected,  the  liquor  never 
exceeding  1 70°  Fahr.,  rendersit  peculiarly  adapted  for  the  colonies,  where 
skilled  labour  is  very  expensive,  and  in  many  places  cannot  be  had. 

The  adoption  of  the  Bour  pan  supersedes  the  use  of  the  teache  in 
the  battery,  and  the  granulation  of  the  sugar  is  finished  at  a  much 
lower  temperature  than  by  the  teache,  thereby  avoiding  any  tendency 
to  carbonization  of  the  sugar.  An  apparatus  designed  for  the  same 
object  has  been  previously  introduced  under  the  name  of  the  "Wetzel  " 
pan,  so  called  from  its  inventor.  A  side  elevation  of  this  apparatus 
is  shown  in  Fig.  4.  It  consists  of  two  hollow  discs  1 1  connected  by 
a  number  of  horizontal  tubes  K  ;  steam  is  admitted  to  one  of  the  discs 
through  the  hollow  axis,  and  passes  through  the  tubes  to  the  other 
disc,  in  which  the  water  of  condensation  collects  and  is  carried  off 
through  the  axis  at  that  end.  In  the  use  of  the  Wetzel  pan  it  was 
found  that  the  crystallization  of  the  sugar  is  most  perfect  at  the  two 
end  discs ;  and  this  circumstance  led  to  the  adoption  in  the  Bour  pan 
of  a  series  of  discs  in  place  of  the  tubes,  whereby  the  whole  apparatus 
now  produces  the  superior  crystals  that  were  pi'eviously  obtained  only 
from  the  two  end  discs. 
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A  trial  muJo  roeeutly  witli  one  of  Uk*  15«jiii-  |miiim  ou  tin*  |*reiiiuieif  of 
the  manufucturere,  Messn*.  D.  C/Ook  A  Co.,  of  GUuigow,  proved  highly 
Riitisfaotorv  ;  the  jmiii  wan  iiKe«l  U)  foiicfiitrKto  a  lioj^ht-atl  ■  '     -«-« 

weighing  alx>ut  9  cwt.,  which  wiu>  Ixjiled   to  the  proper  d>  _'0 

iuinut4^«M.  This  experiment  wan  imulu  in  the  presence  of  several  pluiiteni 
and  other  gentlemen  inteixijUnl  in  the  colonies,  and  ftpjK*ared  to  aflbrd 
full  witisfaction  ;  the  sugar  produce<l  wjis  considered  by  reliners  e^juul 
to  that  pixnluccd  in  the  vucuuia  (niu  fix>nt  the  same  matermhi. 


Mr.  Harvey  showed  a  model  of  the  apparatus,  with  a  sectional 
model  showing  the  construction  of  the  discs  and  the  gi-ooved  shaft. 
He  said  the  Bour  jian  was  considei-ed  a  great  improvement  on  the 
previous  Wetzel  pan,  in  which  the  two  end  discs  were  counected 
together  by  26  tubes  of  2  inches  diameter ;  this  had  been  invented 
for  the  same  object  of  pi-eventiug  the  risk  of  over-heating  the  sugar  in 
evaporating,  without  i-equiiing  a  vacuum  jjan,  which  was  objectionable 
from  the  exjjense  and  dilficulty  of  i-epaii*  in  such  situations  as  the 
colonies.  The  inventor  of  the  new  apparatus,  M.  Bour,  was  a  large 
manufacturer  of  Wetzel's  pans  in  Mauritius  ;  and  having  observeil  that 
the  crystals  were  uniformly  the  largest  and  best  on  the  end  discs,  it 
occurred  to  him  that  a  series  of  discs  would  give  the  same  improved 
effect  over  the  whole  surface  as  was  obtained  in  the  end  discs,  ajid 
from  the  vertical  iwsition  of  the  disc  sui-faces  the  liquor  would  be  dis- 
I)06ed  in  a  thin  equable  film,  i)eculiarly  favourable  to  rapid  evaporation. 
The  accumulation  of  water  in  the  discs,  consequent  on  the  large  con- 
densation of  steam  was  caught  up  by  spoons  and  delivered  into  the 
grooves  of  the  shaft,  whereby  a  continuous  drainage  was  effected  out 
at  the  open  end  of  the  hollow  shaft.  A  very  low  temperature  was  a 
great  advantiige  in  the  mauufactui-e  of  sugar,  and  the  commercial  value 
of  the  result  was  thei-eby  much  increased,  the  greater  part  of  the  syrup 
being  converted  into  good  crystallized  sugar,  instead  of  a  considerable 
portion  being  reduced  to  uncrystallizable  molasses  by  exposure  to  too 
great  heat  in  the  process  of  evajxjnition.     The  exhaust  steam  used  for 

Z 


182  SUGAR   EVAPORATOR. 

heating  the  apparatus  was  at  a  pressure  of  only  2  lbs,  per  square  inch, 
the  pressure  being  limited  by  an  escape  valve  at  the  entrance ;  the 
plan  was  very  simj)le,  and  had  been  found  to  effect  the  complete 
evaporation  of  the  sugar  veiy  perfectly,  without  impeding  the  'Avorking 
of  the  engine  or  causing  any  increase  in  the  quantity  of  fu.el. 

Mr.  James  Johnstone  said  the  rapid  evaporation  of  the  syrup  at  a 
low  temperature  was  a  point  of  great  importance  in  the  manufacture 
of  sugar,  and  he  had  spent  much  time  and  money  on  that  subject. 

The  principle  of  surface  evaporation,  on  which  the  apparatus  de- 
scribed in  the  paper  acted,  was  he  believed  first  introduced  in  the  con- 
struction of  evaporating  apparatus  by  Mr.  Cleland  of  Glasgow,  who 
employed  a  pipe  coiled  in  the  form  of  a  helix  rotating  on  a  horizontal 
shaft,  steam  being  passed  through  the  coil,  the  lower  side  of  which  was 
immersed  in  the  liquor  to  be  evaporated.  An  improvement  on  this 
apparatus  was  made  by  Mr.  John  Aitchison  of  Glasgow,  consisting  of 
a  copper  cylinder  or  drum  filled  with  steam,  and  this  apparatus  was 
much  used  in  that  neighbourhood,  especially  for  concentrating  bark 
liquor  for  tanners. 

The  apparatus  that  he  had  himself  tried  for  surface  evaporation  was 
formed  of  an  inclined  plane  or  table  of  cast  iron,  22  feet  long,  made  in 
two  thicknesses,  steam  being  admitted  between  the  plates  so  as  to  keep 
the  table  at  a  uniform  heat ;  the  surface  of  the  table  was  polished,  and 
one  end  of  it  raised  a  little  higher  than  the  other,  so  that  when  the 
liquor  to  be  evaporated  was  allowed  to  run  on  at  the  upper  end,  it 
spread  itself  over  the  table  and  ran  down  to  the  lower  end,  where  it 
was  received  into  the  sugar  moulds  in  a  state  fit  for  crystallization.  One 
circumstance  incidental  to  this  mode  of  evaporation,  which  he  thought 
deserved  particular  attention,  was  the  peculiar  power  that  the  air 
possessed  of  clarifying  sugar ;  this  was  a  fact  of  much  importance  to 
sugar-growing  colonists,  and  he  believed  it  to  be  a  novelty  in  sugar  re- 
fining ;  he  had  made  the  discovery  of  the  circumstance  some  years  ago, 
but  liad  not  previously  made  known  the  particulars  of  it.  In  the  evapo- 
ration of  svigar  on  the  inclined  plane,  it  was  observed  that  when  the 
thin  film  of  syrup  was  passing  down  the  table,  the  boiling  action  pro- 
duced by  the  heated  plate  caused  all  the  foreign  particles  of  dii-t  and 
colouring  matter  in  the  liquor  to  rise  to  the  su.rface,  where  the  air  im- 
mediately seized  upon  them  and  formed  them  into  a  scum  which  floated 
along  the  surface  of  the  liquor  and  could  not  sink ;  when  the  sugar  had 
crystallized  and  cooled  in  the  moulds,  he  all  tscum  was  found  on  the 
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Uip  in  tlie  form  of  »  oako  or  Uy«r,  1  or  2  iucUeH  thick,  which  w«i 
eiuiily  Ukcii  oil',  leaving  tliu  HUgur  lieluw  in  a  purifiud  aiaUa.  He 
thought  Houif  u<!^  'i    l*o  ^iuiknI,  when*   thi*   I^jitr   |«u  waa 

lued,  fixJUi   tliiii  a  tiir   in   cliirirviu^  tlic   hu^'ur,  if  |>iu|»er 

atteutioii  were  paid  to  the  Hubjeot. 

There  was  huwuver  ut  preMnt  uufortutiately  a  lieriuiui  ulMtucle  to  the 
intriKluctiun  of  iiny  such  improved  npparHtus  into  the  colonies,  from  tlie 
ohjfvtiouiible  stnte  of  the  custom  Iuwh.  All  sugnr  im|xjrted  into  thia 
country  was  chui-gtHl  with  ii  high  rate  of  duty,  if  equal  to  what  was 
technically  cjilhsl  "  clayt»«l  "  sii/^ur,  llmi  is,  Hugiir  that  Iihm  u     "  a 

proceiis  of  clnying  or  retining  after  Wciug  boiled.  If  iherofoit  ii-    , •  rs 

iu  the  colonies  were  to  ailopt  the  plan  he  had  deacriljod,  whereby  the 
sugar  was  maile  in  the  raw  state  equal  to  that  which  had  undergone 
the  subseipient  process  of  claying,  they  would  not  reap  any  benefit 
fivm  the  improvement,  l^ecause  the  high  duty  payable  on  clayed 
sugar  would  be  charge*!.  This  was  a  subject  that  affected  not  only  the 
colonists,  but  also  all  the  consumere  of  sugar  in  this  countiy  ;  for  if 
by  tlie  simple  process  of  boiling  the  cane  juice  the  sugar  planter  could 
produce  raw  sugar  of  such  a  quality  that  it  could  be  used  at  once 
without  having  to  pass  through  the  hands  of  the  refiner  in  this 
country,  the  price  would  l>e  i-educetl.  He  hoped  the  present  law  would 
be  so  amended  a.s  to  allow  the  growere  of  HUgai*  in  the  colonies  to  derive 
tlie  full  advantage  of  any  improvements  in  sugai-  boiling  apparatus  that 
they  might  adopt ;  it  was  certainly  a  great  mistake  that  i*aw  sugar 
unrefinetl  but  fit  for  use  for  general  household  purposes  should  be 
charged  with  as  high  a  duty  as  if  it  hatl  been  i-efiued. 

Mr.  Harvet  said  the  remarks  that  had  been  made  on  the  very 
injurious  effect  of  the  present  custom  laws  were  certainly  too  true. 
He  had  found,  as  a  manufacturer  of  sugar  machinery,  that  the 
planters  had  no  inducement  to  avail  themselves  of  improvementa  such 
as  ha«.l  been  suggested,  as  the  result  would  be  that  they  were  ex}>osod 
to  a  heavier  duty,  absorbing  the  advantiiges  they  might  derive.  In 
the  plan  of  Mr.  Aitchison,  somewhat  similar  to  the  present  one,  that 
had  been  referred  to,  die  drum  running  the  whole  length  of  the 
evaporating  jxui  had  i>nly  a  small  surface,  only  half  that  of  the  discs 
in  the  Bour  pan  of  the  same  length.  In  the  use  of  the  Bour  jum,  the 
scumming  was  generally  efiVvted  previously  in  a  se)»arat«  Hp{»aratus, 
consisting  of  a  vessel  or  ti-ough  about  t>  feet  long  4  j  feet  wide  and 
2  feet  deep;  the  trough   was  heated   by  50  steam   pij^es,  of  2  inches 
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diameter,  runnmg  the  whole  length  and  returning  to  discharge  the 
condensed  water  into  an  outer  compartment.  The  syrup  was  here 
brought  nearly  but  not  quite  to  the  boiling  point,  the  scum  being 
then  all  thrown  to  the  top  and  the  sediment  to  the  bottom ;  these 
were  removed,  and  the  process  of  evapoi'ating  and  crystallizing  was 
then  completed  in  the  disc  machine.  This  kind  of  clarifier  was  rather 
expensive ;  but  very  good  results  had  been  obtained  with  the  Bour 
pan  combined  with  the  old-fashioned  clarifying  pan. 

Mr.  Johnstone  observed  that  the  full  advantage  of  the  clarifying 
action  of  the  air  would  not  be  gained  in  the  Bour  pan  when  the  scum- 
ming was  effected  in  the  manner  just  described,  the  depth  of  the 
syrup  being  such  that  the  air  could  not  act  with  advantage  on  every 
portion  of  it  so  as  to  remove  the  dirt.  In  order  that  the  air  might 
act  efficiently  upon  the  syrup,  it  was  necessary  that  it  should  be 
spread  out  in  a  thin  film  while  hot,  as  on  the  inclined  table  that  he 
had  described,  so  as  to  expose  as  large  a  surface  to  the  air  as  possible  ; 
by  this  means  he  had  found  that  sugar  of  good  colour  and  fi'ee  from 
impurities  might  be  made,  doing  away  with  the  necessity  of  refining 
except  for  making  loaf  sugar. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Harvey  for  his 
paper,  which  was  passed. 


The  following  Paper,  by  Mr.  James  P.  Joule,  of  Manchester,  was 
then  read  : — 
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ON  A  SURFACE  CONDENSER. 

The  |innci|ilc  uf  Niii-fuco  cx>uiIeiiiuition  as  ftpiilitKi  to  iteatu  endues 

WU.S  "'  ■      Iu(Xh1  by  Watt,  who  iu  Ilia  finit  i-r-    •• ta 

villi.  I  111  coUl  water  liri  the   moaiut  of  '  .^ 

the  Bteaui  iiutl  producing  ti  vacuum.  It  wua  however  niteetlily  nlMiitloued 
by  tliw  givut  mail,  who  Kubstitutetl  for  it  the  injoclion  in  a  w|Mimte 
vessel,  ah  employttl  almottt  uuivinially  at  the  {ireKcnt  time.  Surface 
condcnsatiou  haa  however  sijioe  tlio  period  of  Wutt  been  ro[icatedly 
attempted  with  moit»  or  leas  aucoetti  by  varioun  iudividuala,  among 
whom  may  '••  "        •  ntionod  Cartwright  ami   Hall,  the  former 

of  whom  dt'M_  _  lie  which  hius  been  too  little  litudied,  though 

of  admirable  aimplicity  and  combiuijig  all  the  essential  apitaratus  of  a 
perfect  suiface  condenser ;  and  the  hitter  by  his  long  coiitinue<l  ami 
laborious  effoi-ts  nobly  strove  to  introduce  what  he  justly  coiuddeivd  a 
great  improvement.  Without  going  farther  into  the  chums  of  the 
many  able  men  who  have  laboured  unsuccessfully  iu  this  direction,  it 
may  be  remarked  genemlly  that  the  system  hjis  not  been  so  much  in 
fault  as  the  imiKjrfect  means  emidoyed  to  curry  it  out. 

Having  been  for  a  long  time  impressed  with  this  idea,  the  author 
had  gyeat  satisfaction  in  embmcing  the  opi>ortunity  for  cxi)eriment 
which  unexjioctedly  presented  itself  on  the  occasion  of  the  erection  of 
a  small  high  pressure  engine  for  the  joint  investigation  of  Professor 
Thomson  and  himself  on  the  thermal  effects  of  fluids  in  motion. 

The  geneiiil  iu-nmgement  of  the  cylinder  and  condensing  apparatus 
iu  this  engine  is  shown  in  Fig.  1,  Plate  78. 

The  engine  has  a  cylinder  A  of  G  inches  diameter  and  6  inches 
length  of  stroke  ;  it  makes  1 80  i-evolutious  \)ev  minute  when  going  at 
fiill  sjjeed.  Being  fittixl  with  the  onlinary  threc-|)orte<.l  valve  the  steam 
is  cut  off  only  after  the  piston  has  accomplished  two  thirds  of  its  stroke. 
The  foi'ce  pump  B  for  feeding  tlie  boiler  is  single  acting ;  the  nun  is 
1^  inch  diiimet<'r  with  1  j  inch  length  of  stroke,  and  is  workeil  from 
an  eccentric  on  a  bhaft  which  makes  1  revolution  for  every  3^  ruvolu- 
tiouB  of  tlie  engine.  Tlie  volume  of  steam  passing  through  the  cylinder 
compared  with  the  volume  of  water  pro|)elled  by  the  force  pump  is 
therefore  in  the  i-atio  of  C  x  6  x  5  X  2  x  3i  to  (IJ)'  X  1  j,  or  as 
256  to  1.  When  the  steam  is  at  a  pi"i«sur«  of  15  lbs.  above  the 
atmoMphei-e,  rather  less  than  one  third  of  the  capacity  of  the  pump  is 
retjuircd  iu  order  to  keep  the  boiler  full,  leaving  the  remaining  two 
thirds  available  for  the  puri>oi>e>>  of  an  air  pump. 
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Although  it  seemed  at  first  sight  impracticable  to  work  the  engine 
with  an  air  pump  of  so  small  a  size,  it  was  resolved  to  make  trial  of 
it,  and  accordingly  the  eduction  pipe  C  was  connected  with  the  end 
of  one  of  the  legs  D  of  an  iron  tube  1-|  inch  diameter  bent  into  the 
form  of  a  syphon  of  10  feet  height,  the  end  of  the  other  leg  E  being 
comiected  by  means  of  a  smaller  pipe  F  with  the  feed  pump  B.  By 
this  means  the  steam  after  passing  through  the  cylinder  is  made  to 
ascend  to  the  height  of  10  feet, 'and  afterwards  to  descend  through 
the  iron  pipe  E  10  feet  long  and  1^  inch  diameter.  The  descending 
pipe  E  is  surrounded  with  a  current  of  water  ascending  upwards  in 
an  oiiter  concentric  pipe  G  of  4  inches  diameter,  the  cold  water  being 
supplied  from  a  pump  through  the  pipe  H.  The  condensed  water 
along  with  the  air  which  enters  by  leakage  is  cleared  out  by  the  feed 
or  ail"  pump  B,  the  water  being  forced  into  the  boiler  through  the 
feed  pipe  I,  while  the  air  is  allowed  to  escape  from  an  orifice  K 
contrived  by  loosening  a  screw  in  the  cover  of  the  pump. 

On  starting  the  engine,  two  stop  cocks  L  and  M,  one  at  the  lowest 
part  of  the  syphon  leg  D  near  the  cylinder^,  and  the  other  between  the 
valves  of  the  feed  pump  are  opened.  The  engine  then  works  as  a  high 
pressure  engine  until  the  boiler  and  cylinder  are  cleared  of  air  and 
the  condensing  pipes  E  and  F  of  water.  This  being  efiected  the  stop 
cocks  L  and  M  are  closed,  and  after  a  few  revolutions  a  vacuum  begins 
to  be  formed,  which  increases  until  the  limit  arising  from  leakage  of  air 
and  the  temperature  of  the  interior  of  the  condensing  pipe  is  attained. 

The  very  small  size  of  the  air  pump  would  render  the  above  ar- 
rangement quite  abortive,  if  any  considerable  quantity  of  air  leaked 
into  the  condenser.  Nevertheless  it  was  found  that  when  the  engine 
was  working  at  one  horse  power  including  friction,  that  is  raising 
33,000  lbs.  one  foot  high  per  minute,  a  vacuum  of  23  inches  could 
be  maintained,  the  barometer  at  the  same  time  standing  at  29  inches. 
This  single  experiment  demonstrates  in  the  author's  opinion  the 
practicability  of  the  system  of  surface  condensation  as  adopted  in  the 
present  instance,  and  shows  also  that  it  must  speedily  supersede  the 
method  at  present  used.  A  vacuum  of  23  inches  may  indeed  be 
considered  an  extraordinary  result,  Avhen  the  smallness  of  tlie  air 
pump  is  considered,  and  when  the  leakage  of  air  arising  from  a 
variety  of  junctions  and  stoj)  cocks,  and  particularly  from  the  stufiing 
box  of  the  piston  rod,  is  taken  into  account.  Were  these  dis- 
advantages obviated,  as  they  might  easily  be,  there  is  little  doubt  that 
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the  vacuum  would  equal  that  of  tuo«t  ooiulousing  eii^^nea.  It  ia  there- 
fore concluded  that  one  iron  pi|je  10  fuet  lung  aud  IJ  inch  diameter 
is  Buffii'icDt  to  elTect  iide<iuutc  condeniiutiou  fur  n  uiie  huTHO  {xiwer 
engiue,  uud  that  of  coui-iw  lOU  such  i.ijx-x  would  aiujwer  for  a  100 
home  |K)wcr  engiue. 

It  will  harvlly  bo  uMX'ssarj  to  urge  on  practical  engineem  the  im- 
mense Lm|Miitanc(*  of  lurfaoe  condtMuuition  if  i*nce  |tracticiilly  uarrici 
out.  The  diaadvantagoa  of  the  preauut  syatem  are  well  known  :  the 
boiler  Lh  turne<l  into  un  i'va]>unitiiig  Itasin,  on  the  sidcfl  of  which  a  html 
dejHjsit  of  0Hil>oiu4te  of  lime  i»  formed ;  or  if  this  in  a\'oido<l,  it  gr»duiilly 
beci»me8  tilled  with  tlie  siitui'atetl  solution  of  a  bait.  In  the  one  cuae, 
a  gi^eatly  incj-eaae«l  i-onsumiition  of  fuel  takes  place,  owing  to  the  bad 
conducting  |>ower  of  the  de|)osit ;  in  the  other,  loss  of  heiit  and  various 
inconveniences  ai^  the  inevitable  conseiiuencefl  of  the  necessity  of 
blowing  otr  the  saturated  and  foul  water.  Besides  this  there  is  always 
a  difliculty  in  keeping  the  water  in  the  l^oiler  at  a  proj»er  level, 
entailing  the  necessity  of  a  variety  of  contrivances  for  regulating  the 
supply.  When  to  the  above  objections  is  added  the  power  lost  in  the 
friction  of  a  large  air  pump,  and  the  work  it  has  to  do  in  pumping 
out  the  injection  water,  it  will  be  allowed  that  a  surface  condenser 
which  obviates  these  disadvantages  will  couijjete  successfully  with 
the  common  system,  and  would  do  so  even  though  the  vacuum  were 
inferior  to  that  of  the  ordiiiary  i-ondeiiser  by  half  a  dozen  inches. 

But  the  su|)eriority  of  surface  condensation  doi-s  not  rest  with  the 
above  considerations  alone.  If  the  vacuum  is  im|jerfect  through 
want  of  sufficient  cooling  surface,  that  deficiency  is  made  up  to  a  con- 
siderable extent  by  the  higher  temperature  at  M-hich  the  water  ia 
returntxl  to  the  boiler.  In  fact,  as  has  been  correctly  observed  by  a 
previous  writer,  there  is  a  limit  beyond  which  the  condensation  cannot 
be  advantageously  pushed.  This  limit  will  be  lower  for  surfuce  tlian 
for  injection  condensation,  as  in  the  latter  case  the  ailditi«.>nal  injtx-tion 
water  adtU  to  the  work  of  the  air  pump.  Another  and  highly  im- 
portant considemtiou  is  that  by  the  pmposeil  plan  the  refrigerating 
power  of  the  cold  water  employed  for  condensation  is  more  jx-rfectlv 
used  up.  In  the  onliimry  C4.>udenser  the  perfection  of  the  vacuum  is 
that  due  to  the  lowness  of  the  temperature  of  the  hot  well ;  but  in 
the  system  here  advocjitetl  it  is  {(Ossible,  by  uiusini,'  the  curivnt  of  e«>ld 

\k  at*-!'  to  Uit-el  that  of    lliL-   straui    tu  ILsr    tl.f    foriiii  r  ;i.s  ;i  ri-frigtratiu  ' 
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agent  until  it  arrives  at  a  mucli  higher  temperature  than  that  due  to 
the  pressure  of  the  attenuated  vapour  in  the  condenser. 

Although  the  present  experiments  have  not  been  sufficiently  ex- 
tended to  determine  with  great  pi^ecision  the  form  and  dimensions  of 
a  surface  condenser  for  an  engine  of  given  power,  the  author  thinks 
he  can  safely  recommend  the  i-efrigerating  surface  above  indicated  per 
each  horse  power.  A  sufficiently  capacious  pipe  should  convey  the 
steam  after  passing  through  -the  cylinder  to  a  chest  placed  12  feet 
above  the  level  of  the  base  of  the  air  pump.  Another  similar  chest 
with  a  pipe  proceeding  from  it  to  the  air  pump  should  be  placed 
immediately  under  the  above,  and  at  about  the  level  of  the  foot  valve. 
Vertical  pipes  about  10  feet  long  and  1^  or  2  inches  diameter,  in 
number  equal  to  the  horse  power  at  which  the  engine  is  estimated,  and 
placed  as  near  one  another  as  convenient,  should  form  a  communication 
between  the  upjoer  and  lower  chests.  As  it  is  of  great  importance 
that  these  pipes  should  be  easily  removed  and  put  on  again  air  tight, 
short  pipes  might  be  permanently  fixed  to  the  chests  for  this  purpose, 
to  which  the  vertical  condensing  pipes  might  be  conveniently  attached 
by  means  of  pieces  of  vulcanized  India  rubber  tubing  secured  by  metal 
clamps.  The  condensing  pipes  thus  arranged  should  then  be  plunged 
into  a  cistern  in  which  a  current  of  water  flows  upwards.  It  is 
desirable  not  to  allow  too  much  water  space  between  and  around  the 
pipes,  in  order  that  by  a  rapid  motion  of  the  refrigerating  water,  it 
may  be  prevented  fi-om  adhering  to  the  surface  of  the  pipes.  The 
air  pump  if  worked  at  the  velocity  of  one  stroke  per  second  ought  to 
have  a  capacity  of  about  10  cubic  inches  for  each  horse  power.  The 
water  passes  immediately  from  the  pump  to  the  boiler,  but  the  air 
escapes  through  a  small  orifice  in  the  cover  of  the  pump.  To  prevent 
the  escape  of  water  by  this  orifice  a  contrivance  like  that  in  Cart- 
wright's  'engine  may  be  employed,  consisting  of  a  valve  opening 
inwards,  attached  to  a  lever  carrying  a  ball  floating  on  the  surface  of 
the  water,  so  as  to  close  the  valve  when  the  water  rises. 

An  ini proved  construction  of  surface  condenser,  similar  in  principle 
to  the  above,  has  been  proposed  by  Professor  Thomson,  and  is  shown  in 
Fig.  2.  It  consists  of  an  enlargement  of  the  cold  water  pipe  N,  in  the 
form  of  a  large  j^ipe  or  chamber  0,  connected  to  the  pipe  N  by  the  joints 
P  and  Pt  at  the  top  and  bottom.  The  chamber  O  is  closed  at  the  ends 
by  two  plates  S  and  T,  perforated  with  a  number  of  holes,  as  shown  in 
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Fig.  3,  to  I'ooeive  the  condonsing  tulxw  V,  which  Are  proi>oe<yl  to  be 
fine  co|i|H*r  tulx'S  as  Riiiall  uh  /^th  inch  iunule  <liiiinetcr,  fitting  well  but 
not  tight  in  the  holcb  in  the  tiiU-  jilatoM.     The  juint«  iire  inaWu  wuter 
tight  by  a  iliuc  of  inilia  niljlK>r,  iM*ifui-ute<l  in  the  kuuic  manner  an  the 
tube  plaice,  and  placcKl  Udow  the  lower  plate  S  and  above  tlie  upper 
|>late  T.     A   second  plato   may  be  adde<^l   outxide  each    india  rubber 
difw,  and  8cix*wetl  up  tight  to  the  tul>e  plate  by  nieanM  of  lx)ltii,  go  as 
to  press  tlie  india   rubl)er  well   round  the  tul>eH  and  make  a  water 
tight  joint.    The  vacuum  pressure  however  will  probably  be  sufficient 
to  keep  the  india  rublier  tight  n>und  the  tuW's,  and  the  second  plates 
and  tightening  sci-ews  will  then  be  diKpense«l   with.     The  exhaust 
steam  entere  the  condenst*r  at   the  top  by  the  pi|)e  V,  and  the  cold 
water  tlows  upwards  through   the  pii>e   N   anfl   tubes   U.     The  con- 
densed water  is  dniwn  otl"  from  the  bottom  by  the  pij)e  X  leading  to 
the  air  pump.  By  this  plan  there  are  no  joints  for  leakage  of  external 
air  into  the  vacuum  except  the  ordinary  joints  for  the  connexions  of 
the  exhaust  pii>e  to  the  valve  chest  and  condenser.    Tlie  joints  in  the 
tulje  plates  have  water  on  the  outside  and  the  vacuum  of  the  condenser 
on  the  inside,  so  that  any  leakage  throxigh  them  would  simply  give  a 
little  injection  water,  to  which  no  supporter  of  the  present  system  can 
object ;  the  amount  of  leakage   may  however  be  made  so  slight  as  to 
be  practically  imperceptible.     It  should  be  observed  that  there  is  an 
im|X)rtant  dilJerence  between  the  condenser  now  proposed  and  the 
previoiLs  tubidar  coudensei"s,  in  which   the  steam  passes  through  a 
series  of  tubes  suirounded  by  water,  so   that  the  deposit  from  the 
water  takes  jilace  on  the  outside  of  the  tubes  and  cannot  be  cleared 
away ;  whereas  in  the  proposed  condenser  the  conditions  are  reversed, 
and  the  deposit  takes  place  inside  the  tubes  and  can  be  easily  removed 
by  passing  a  rod  do^^^l   the  tubes  when  requisite,  the  cover  of  tlie 
condenser  being  readily  taken  off  for  this  purpose. 

The  fai'ther  impro\enient  of  separating  the  work  of  clearing  the 
condenser  of  air  and  drawing  out  the  condensed  water  has  been  pro- 
ix)sed  by  Professor  Thomson  as  follows : — "  It  appears  to  be  an  ill- 
aiTanged  plan  to  puuip  out  air  and  water  in  not  very  une<^pial  volumes 
with  a  large  proportion  of  watery  vajMjur  besides,  which  is  the  w»>rk 
allotted  to  the  air  pumjt,  so  called,  of  an  onlinary  condensing  engine ; 
and  true  economy  would  probably  be  found  in  a  division  of  hibour. 
Whether  surface  condensation  or  injection  be  used,  the  air  and  water 

A  2 
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to  be  drawn  out  might  readily  be  separated  by  having  a  loater  ptimp 
employed  to  draw  from  the  bottom  of  the  condenser,  of  very  little 
larger  capacity  than  would  be  sufficient  for  all  the  water  to  be  pumped 
out,  and  by  having  also  a  branch  pipe  from  the  condenser  near  the 
top  leading  upwards  to  an  air  pump,  this  pipe  being  specially  cooled 
by  a  separate  refrigerating  stream  of  water  to  itself,  so  that  the 
temperature  in  it  might  be  lower  than  it  is  practicable  to  attain  in 
the  condenser,  as  low  in  fact  within  a  degree  or  two  as  that  of  the 
cold  water  supply.  There  would  thus  be  a  much  more  perfect  con- 
densation in  the  pipe  than  in  the  condenser,  and  the  condensed  water 
would  run  down  it,  leaving  above  at  the  entrance  to  the  air  pump 
chiefly  air  at  the  same  pressuie  as  the  vacuum  in  the  condenser.  In 
an  ordinary  steam  engine  with  injection  there  would  be  a  risk  of  the 
water  rising  in  the  condenser  and  choking  the  air  pump ;  but  this 
might  be  avoided  by  supplying  the  condenser  with  a  glass  gauge,  so 
that  if  the  water  rose  too  high  the  injection  stream  might  be 
diminished.  Where  surface  condensation  is  used  it  would  still  be 
desirable  to  be  able  to  regulate  the  height  of  the  water  in  the  con- 
denser; and  for  this  purpose  some  plan  of  adjusting  the  feed  pump 
to  make  it  draw  more  or  less  as  required  would  be  advisable,  so  that 
the  pump  might  draw  off  just  enough  to  prevent  a  rise  of  water  in 
the  condenser." 

The  importance  of  working  the  steam  expansively  is  evident, 
whichever  system  of  condensation  is  employed.  In  fact  when  steam 
is  properly  used  in  the  cylinder  it  passes  at  a  low  temperature  and 
pressure  into  the  condenser,  and  then  a  good  vacuum  is  easily 
attained  with  a  comparatively  small  quantity  of  condensing  water. 
It  may  here  be  remarked  that  it  would  be  very  desirable  to  abandon 
the  practice  of  using  the  same  port  for  both  the  induction  and 
eduction  6f  the  steam  to  and  from  the  cylinder,  since  by  this  method 
the  temperature  of  the  exhaust  steam  is  raised  by  coming  in  contact 
with  metal  which  was  the  instant  before  heated  by  the  induction 
steam,  and  the  induction  steam  is  cooled  by  contact  with  metal  which 
has  just  before  been  exposed  to  the  exhaust  steam.  No  doubt  a  loss 
of  elegance  and  compactness  would  result  from  employing  sepax-ate 
ports,  but  this  would  be  far  overbalanced  by  the  real  advantages  gained. 

It  has  been  proposed  to  employ  air  as  the  refrigerating  agent  for 
sux-face  condensation.     Could  this  be  successfully  realized,  a  most  im- 
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portAnt  prnctical  retiuU  would  Ijo  attaiiKHl,  fur  it  would  make  the  steam 
engine  availaMe  in  lucalitii*N  where  a  good  Hupply  of  wator  cannot  l>e 
met  with.     K\|MTimi*nt>i  aiv  aUmt  to  \n  ^'     *  T"  u 

anil  the  nuth<>i-  on   tlie  |K)wer  of  air  :i  •  ;lh 

rufrig<>ratorH,  and  it  Rccms  almost  cerUtin  that  the  quantity  of  air  which 
has  the  stune  caivicity  fur  luvit  as  a  c«rtuin  quantity  of  water  would 
efltH-'tUMJly  replaiv  the  hitt<'r  as  a  ivfrigenitor  in  a  surface  condenser. 
The  vohune  of  air  would  n«svi>Karily  l>e  givait.  I»ut  th«'  la)»oiir  of  pump- 
ing would  not,  it  i«  nppi*ehend<xl,  present  any  serious  dii»ad vantage. 


Professor  W.  Thomson  regretted  that  Mr.  Joule  was  unfortunately 
pi-eveuted  from  l)eing  present ;  but  having  K-en  Mr.  Joule's  colleague 
in  tlie  experiments  and  trial,  he  would  Ix-  li:'[»i'y  to  :iii>wf-i  any 
entjuiries  on  the  subject. 

The  principle  of  surface  condensation  was  not  novel,  but  it  was 
here  intiXHluced  under  a  novel  ai>plication.  When  the  surface  condenser 
was  first  attempted  by  Mr.  Joule,  it  did  not  act  well  for  some  time ; 
afterwards  however  it  worked  better,  and  on  examining  into  the  cause 
of  the  change,  a  bolt  was  found  to  )>e  loose  in  the  pump ;  on  partially 
unscrewing  the  bolt,  the  good  i-esult  statetl  in  the  paper  was  obtained, 
the  narrow  orifice  thus  formed  allowing  a  little  escape  of  air  at  the 
end  of  the  stroke  of  the  pump  ;  and  this  cii-cumstance  led  to  the 
arrangement  now  described.  It  was  easy  to  ensuit  very  little  leakage 
of  air  in  those  parts  of  an  engine  where  the  pressure  of  steam  was 
below  the  atmosphere,  if  the  joints  were  good ;  the  mo<lel  that  had 
been  tried  had  only  iron  tubes  with  india  rubber  joints  for  the  con- 
denser, but  on  a  larger  scale  the  joints  could  be  made  almost  |)ei-fectly 
tight,  and  the  stuffing  box  of  the  piston  ixkI  was  the  only  place  where 
any  difficulty  nee<l  l»e  apprehendeil.  It  was  essential  to  secure  a  very 
complete  exclusion  of  air,  as  a  small  pi-oportion  of  air  leaking  in  would 
injure  the  vacuum  in  the  condt-nser.  Tlie  mo<.lel  engine  had  l>een 
found  to  run  with  consideraV>le  |X)wer  for  a  quarter  of  an  hour  after 
the  pressui-e  of  steam  in  the  boiler  had  fallen  below  the  atmospheiv  ; 
but  on  opening  a  stop  cock  in  the  boiler  for  only  half  a  second,  enough 
air  was  admitted  to  stop  the  engine.  There  was  no  doubt  that  the 
injection  water  in  onlinary  condensing  engines  introduced  most  of  the 
air  that  had  to  be  pumped  out,  as  bubbles  and  disscrtve*!  in  the  water; 
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and  tlie  absence  of  injection  water  in  tlie  model  engine  accounted  for 
the  excessively  small  size  of  air  punij)  required,  very  little  exceeding 
the  size  required  fur  the  feed  of  water  to  the  boiler ;  in  the  experi- 
ments the  original  feed  pump  had  been  found  quite  sufficient  for  the 
ail'  pump. 

In  Mr.  Joule's  present  trial,  the  full  effect  of  a  rapid  stream  of 
water,  in  producing  condensation,  had  certainly  not  been  obtained ; 
and  fi'om  the  experiments  he  thought  that  mxich  less  surface  of  the 
condenser  would  be  required,  if  a  greater  velocity  of  the  stream  of 
water  were  employed.  The  unj)erfect  conducting  power  of  the  metal 
appeai-ed  to  be  a  less  obstruction  than  the  clogging  of  the  water, 
caused  by  the  heated  particles  not  being  quickly  enough  carried  away 
and  replaced  by  cooler  ones ;  he  was  accordingly  led  to  the  conclusion 
that  a  still  smaller  surface  would  ultimately  be  found  sufficient. 

Mr.  Fairbairn  had  had  an  oppoi'tunity  of  witnessing  the  experi- 
ments made  by  Mr.  Joule  and  Professor  Thomson,  and  thought  them 
well  worthy  of  attention.  In  the  experimental  boiler  the  sujDply  of 
steam  had  been  scarcely  sufficient,  the  furnace  being  somewhat  im- 
perfect, and  the  steam  pressure  was  soon  up  and  down.  There  could 
be  no  doubt  that  a  surface  condenser  would  be  of  great  advantage, 
particularly  in  marine  engines,  if  the  practical  difficulties  attending  it 
could  be  overcome.  Hall's  surface  condenser  had  been  perseveringly 
tried,  but  had  been  abandoned,  because  found  more  expensive  in 
working  the  engine  than  the  injection  condenser,  owing  mainly  to  the 
complexity  of  construction  and  the  difficulty  of  keeping  it  in  good  order. 

Mr.  Harvey  thought  the  surface  condenser  proposed  was  a  very 
ingenious  plan,  and  deserved  a  complete  trial.  In  the  construction  of 
Hall's  condenser  there  was  great  difficulty  in  keeping  the  joints  tight 
at  the  ends  of  the  pipes ;  the  pipes  were  fixed  by  feiTules  and  were 
apt  to  leak  at  the  ends,  letting  in  air  and  seriously  damaging  the 
vacuum.  'He  had  seen  recently  at  Mr.  Weems',  near  Glasgow,  a 
construction  for  a  different  purpose,  which  might  be  suitable  for  getting 
over  this  difficulty ;  it  consisted  of  400  iron  tubes  of  If  inch  diameter 
fixed  together  as  in  the  tubular  condenser,  and  by  tiiming  the  ends 
and  dipping  the  whole  set  a  little  depth  into  a  bath  of  melted  tin,  with 
iron  plugs  coated  on  the  ends  to  prevent  the  tin  from  getting  into  the 
tubes,  a  lump  or  layer  of  tin  was  formed  at  each  end  of  the  tubes, 
which  acted  as.  a  tube  plate  of  simple  and  air  tight  construction, 
though  of  course  not  admitting  of  the  removal  of  single  tubes. 
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Mr.  J  A  VIES  R.  N^riEK  bclievetl  thitt  the  objoc-tion  ex|>cn«ncieil  iti 
Hall's  ooixleiiBt^r  nroHe  not  ho  much  from  iiir  lenkiug  iu  thtx)ugh  (ieftM> 
tire  joints,  um  fixim  the  itcctimtiliition  of  greaae  aixl  tallow  fi-om  the 
engine  inMi«U*  the  Knuill  |)i|M'H  «>f  the  condeiuter,  which  waH  fuund  to 
choke  them  up.  lie  KUit4-«l  that  Mr.  Daviil  Napier  untnl  a  Hurface 
c«)n«lenNer  many  yeai-a  ago  in  the  Ht<'anier  *'  PtwtlKiy,"  and  one  waa 
lattdy  working  in  his  Utat  on  the  Thamen.  He  Ixdievcd  the  greetCMt 
difficulty  when  the  contlcnKera  wei-e  tight  wa«  to  keep  tlie  boilers 
clean,  as  the  givase  and  dirt  from  the  engine  got  d«'{>oHited  there  and 
formc<l  a  sort  of  tarry  uiatt«M-  whi«'h  it  was  difficult  to  get  rid  of. 

Mr.  JoiiNsTo.SE  hiid  Ijeen  some  yeai-H  ago  on  a  steamer  on  the 
Thames  belonging  to  Mr.  David  Napier,  in  which  surface  condeiuia- 
tion  was  effected  by  means  of  a  double  l>ottom  to  the  vessel ;  it 
workeil  very  well,  but  the  l>oiler  primed  so  much  from  ita  peculiar 
construction  that  the  suiiace  condenser  had  scarcely  a  fair  trial. 

Mr.  ToRii  ha^l  had  a  10  horse  power  engine  working  for  two  yeai-s 
with  a  sui-face  condenser,  consLsting  of  a  cast  iron  cylinder  10  feet 
long  and  1 2  inches  diameter,  Nnth  30  bi*ass  tulx-s  of  the  &ime  length 
and  1|  inch  diameter  pa.ssing  through  it ;  it  had  work e*l  satisfactorily 
and  had  not  been  found  to  get  choked  up,  and  there  had  been  no 
difficulty  in  keejiing  the  ends  of  the  tulies  tight ;  it  had  the  advan- 
tage of  keeping  the  boiler  clean,  although  the  water  was  very  bad. 
The  quantity  of  water  required  to  condense  the  steam  had  not  been 
ascertiiined,  but  all  tlie  water  for  the  supply  of  the  locomotives  at  the 
station  where  the  engine  was  fixed  was  passed  through  the  condenser. 

Mr.  Fairbairn  thought  that  in  the  condenser  pi-ojKjsed  by  Mr. 
Joule  a  large  pump,  taking  considerable  power  to  work  it,  would  l>e 
required  to  propel  the  water  through  between  the  pii>es,  in  ortler  to 
maintain  a  sufficient  circulation  of  water  to  carry  off  the  heat  and 
condense  tlie  8t«am.  If  the  sjjaces  between  the  tubes  were  made 
narrow,  and  the  water  passetl  at  a  great  velocity  between  them, 
impinging  with  more  or  less  foi-ce  on  the  tubes,  considerable  power 
would  be  i-equii-ed  to  supply  the  water,  and  it  would  become  a  ques- 
tion whether  there  would  be  any  saNdng  of  |X)wer  compared  with  that 
required  to  work  the  oitlinary  air  pump,  taking  into  consideration 
the  greater  imperfection  of  vacuum  in  the  sm-face  condenser. 

Professor  Thomson  considered  the  power  requii-ed  for  propelling 
the  water  between  the  tuWs  would  be  much  less  than  for  discharging 
the  water  from  the  air  pump  in  the  ordinary  condenser.     The  power 
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appeared  to  be  very  little  in  Mr.  Joule's  experiment,  and  tlie  extra 
power  requii'ed  to  give  a  rapid  motion  of  the  water  between  the  tubes 
could  be  but  small  in  amount.  There  was  a  remarkable  difference  in 
the  cooling  effect  of  a  current,  whether  of  water  or  air,  according  to 
the  velocity  at  which  it  moved ;  when  the  water  was  slowly  pro})elled 
it  became  clogged  as  it  were,  a  little  layer  of  heated  water  being 
formed  round  the  tubes,  which  parted  with  its  heat  very  slowly  to 
the  surrounding  water;  but  with  the  water  in  rapid  motion,  the 
succession  of  cold  particles  brought  into  contact  with  the  tubes  rapidly 
conveyed  the  heat  away. 

Mr.  Neilson  thought  the  small  experiments  that  had  been  made, 
although  giving  such  good  results,  could  scarcely  be  relied  upon  till 
confirmed  by  trials  on  a  large  scale ;  he  anticipated  that  no  mode  of 
condensation  would  prove  so  effective  as  a  jet  of  water,  which  had 
formed  the  great  improvement  in  Newcomen's  engine  over  the  pre- 
vious plan  of  surface  condensation.  Many  subsequent  attempts  had 
been  made  to  employ  surface  condensers,  and  no  one  had  tried  at  it 
more  than  Mr.  David  Napier ;  but  he  doubted  whether  a  sufficient 
surface  of  water  or  air  could  be  obtained  in  practice,  to  condense 
efficiently.  In  Mr.  Joule's  proposed  condenser  he  thought  the  pump 
requii'ed  to  give  the  necessary  velocity  to  the  water  would  be  likely 
to  absorb  the  power  saved  from  the  ordinary  air  pump. 

Professor  Thomson  thought  that  the  general  partiality  for  conden- 
sation by  injection  arose  mainly  from  the  imperfect  manner  in  Avhich 
surface  condensation  had  been  hitherto  attempted,  owing  to  the  want 
of  a  continuous  rapid  ciirrent  flowing  past  the  surface  of  the  tubes. 
He  fully  expected  that  a  sufficient  current  could  be  maintained  with 
a  comparatively  unimportant  expenditure  of  power ;  and  it  must  be 
remembered  that  the  advantage  of  a  pure  supply  of  water  for  the 
boilers  was  an  important  object  to  be  attained,  but  not  practicable 
where  condensation  was  effected  by  injection. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Joule  for  his 
paper,  and  also  to  Professor  Thomson,  which  was  passed;  and 
expressed  the  hope  that  they  would  communicate  at  a  future  meeting 
the  farther  i-esults  of  their  investigations  in  this  important  subject. 


SIRFACE  0OKDEN8F.K.  IW 

Tlie  M«HHing  waa  theu  iidjuum«d  u>  the  following  (Uy. 

Ill  tliA  ovfiiiiig  Uie  Maiubeni  wero  iuviUMJ  by  the  Ixxml  CommittM 
aiul  tlu'ir  fi-ifiuU  U>  »  ( 'unvcntaziono  in  the  Corportttion  H   "     "^^       ' 
hull  SUxft,  whore   mi   fxtt'iiiiive   txilltH-tion  of  tuudek,  -;  i 

euguieoriiig  ili-nwiugv  tmd  phutogntplui,  w««  exhibit««i. 


The  Adjourned  Meeting  of  tlie  Members  was  lield  in  tlxe 
Scottish  Exhibition  Rooms,  Bath  Street,  Grlasgow,  on  Thursday, 
September  18th,  1856;  Joseph  Whitworth,  Esq.,  President,  in  the 
Chair. 


The  following  Paper,  by  Mr.  John  fleid,  Jun.,  of  Glasgow,  was 
read : — 

DESCRIPTION  OF  BOXJCHERIE'S  PROCESS  FOR  THE 
PRESERVATION  OF  TIMBER. 

The  process  which  it  is  the  object  of  the  present  paper  to  describe 
forms  an  important  improvement  in  the  mode  of  preparing  timber  so 
as  to  preserve  it  from  decay.  It  is  the  invention  of  the  eminent 
French  chemist.  Dr.  Boucherie,  who  has  been  engaged  nearly  twenty 
years  in  bringing  it  to  perfection,  and  is  one  of  the  most  effectual 
processes  for  rendering  durable  wood  that  is  liable  to  decay. 

The  tubular  structure  of  trees  has  long  been  known ;  but  the  fact 
that  there  is  no  lateral  or  transverse  communication  between  the  tubes 
has  been  ascertained  only  recently.  This  fact  has  been  experimentally 
demonstrated  by  injecting  a  colouring  liquid  at  one  end  of  a  log,  a 
particular  portion  only  of  the  end  being  exposed  to  the  liquid ;  it  was 
then  found  that  in  any  transverse  section  of  the  log  the  wood  was 
always  stained  in  exactly  the  same  part.  In  this  manner  the  letters 
of  a  word  have  been  driven  from  one  end  to  the  other  of  a  piece  of 
timber.  This  fact  forms  the  l^asis  of  the  present  process,  the  prin- 
ciple of  which  consists  in  forcing  into  the  timber  a  liquid  of  a  pre- 
servative nature,  causing  it  to  infiltrate  into  the  fibres  of  the  tree  as 
it  would  into  a  series  of  small  parallel  tubes. 
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In  the  first  attoiupts,  the  vital  piicrgy  of  th«  trees  wm  employ©*! 
to  lirnw  in  the  litpiid  by  nioHnH  of  iht'  ciivuUition  of  the  mip,  uitd  the 
liquid  Wits  thus  (liNtinhuttHl  into  every  part  of  iho  wood,  and  oven 
into  tlio  finest  ti}»>iUfs  of  the  leivos.  As  the  circulation  of  the  nap 
however  continues  for  several  day«,  even  after  the  tree  haJi  been 
felled  luul  «tri|i|>od  of  its  foliage,  another  pnxN-tu*  waj*  Rubse<-juently 
adoptoil,  l»y  which  the  litpiid  is  forced  thix)Ugh  the  timber  by  an  end 
pressura  in  a  simple  and  economical  manner.  Tho  sap  ia  thereby 
ex|K?llod  and  ooxe«  out  from  the  end  of  tlio  timber,  which  is  tbu« 
fi"eed  from  the  most  active  soui'ce  of  dect)m|»u8ition  and  at  the  same 
time  injected  with  a  liquid  incapable  of  decomjK>sition  under  all 
ordinary  cii'cumBtances. 

The  following  is  the  method  which  up  to  the  present  time  has 
been  found  to  be  most  economical  and  practicable  for  carrying  out 
the  process  on  a  large  scale  in  the  prepamtiun  of  railway  sleei^ers. 

After  the  tive  has  been  felled,  a  saw  cut,  Figs.  I  and  2,  Plate  70, 
is  made  across  the  centre  through  about  nine  tenths  of  the  section  of 
the  tree.     The  tree  is  then  slightly  raised  at  the  centre  by  a  lever  or 
wedge,  so  as  to  open  the  saw  cut  a  little,  as  in   Fig.  1  ;  a  piece  of 
string  or  cord  is  placed  all  round  the  edge  of  the  saw  c»it,  aud  on 
lowering  the  tree  again  the  cut  closes  upon  the  string,  as  in  Fig.  2, 
which   thus  forms  a  water  tight  joint   in   a   simple   and   effectual 
manner.     An  auger  bole  is  then   boi-ed  obliquely  into  the  saw  cut 
from  the  outside,  into  which  is  driven  a  hollow  wooden  plug,  shown 
enlarged  in  Fig.  5.     A  flexible  tube  is  fitted  on  the  plug,  the  end  of 
which  is  made  slightly  conical  so  that  the  tube  may  be  pushed  tight 
UiX)n  it.     The  tube  communicates  with  a  raised  cistern,  placed  at  a 
height  of  from  :iO  to  40  feet  aljove  the  timbers  that  are  to  be  pre- 
pared, and  containing  the  solution  of  sulphate  of  copper  used  for  the 
purpjse.     When  the  pi-eparations  have  been  completed  in  tins  manner, 
the  liquid  flows  through  the  tube  into  the  saw   cut  in   the  tree,  and 
forces  itself  along  the  log  in  both  dii-ectious,  driving  the  sap  out  at 
each  end.     As  soon  as  the  liquid  has   reached  the  ends  of  the  log, 
the  process  is  finished  and  the  log  is  ready  for  use. 

If  the  timbi-r  is  required  of  the  entire  original  length,  the  cross 
saw  cut  at  tlie  centre  cannot  be  made,  and  in  this  case  the  plan  shown 
in  Figs.  3  and  4  is  substituted.  A  cap  consisting  of  a  piece  of  board, 
J  inch  or  1  inch  thick,  is  fixed  on  the  end  of  the  log  by  screws  through 
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the  board  into  the  tree  or  by  dogs  screwed  at  the  end  and  fitted  with 
a  nut ;  the  joint  is  made  by  a  piece  of  string  or  cord  as  before,  and 
the  cap  is  screwed  up  tight  on  the  cord.  As  the  direction  of  the 
grain  in  the  board  forming  the  cap  is  transverse  to  that  of  the  tree, 
the  liquid  cannot  pass  through  the  cap,  and  the  injection  proceeds 
from  one  end  of  the  log  to  the  other. 

In  order  to  ascertain  when  the  process  has  been  continued  for  a 
sufficient  length  of  time,  so  that  the  sap  has  been  all  expelled  and 
replaced  by  the  solution  of  sulphate  of  copper,  a  piece  of  prussiate  of 
potash  is  rubbed  on  the  end  of  the  timber  while  in  the  damp  state, 
and  if  the  solution  has  reached  the  end  of  the  log  a  deep  reddish 
brown  stain  is  produced,  showing  that  the  timber  is  thoroughly 
impregnated  with  sulphate  of  copper. 

The  sap  expelled  from  the  timber  in  the  process  of  impregnation 
contains  at  most  only  1-lOOOth  part  of  organic  matter  in  solution,  and 
accordingly  no  inconvenience  is  experienced  in  employing  it  as  a 
solvent  for  the  sulphate  of  copper.  It  is  indeed  preferable  to  many 
kinds  of  spring  water,  particularly  those  containing  lime,  which 
decompose  a  considerable  proportion  of  sulphate  of  copper.  Troughs 
are  therefore  laid  under  the  ends  of  the  logs,  as  in  Figs.  1  and  2, 
to  catch  the  sap  and  the  waste  solution,  which  are  conducted  to  a 
reservoir  to  be  pumped  up  to  the  cistern  and  mixed  with  sulphate  of 
copper  to  the  proper  strength. 

The  solution  that  has  been  fovmd  most  effectual  for  preserving  the 
timber  is  composed  of  1  part  by  weight  of  sulphate  of  copper  and  100 
parts  by  weight  of  water.  The  strength  of  the  mixture  is  ascertained 
by  a  h^'drometer  having  a  properly  graduated  scale.  The  specific 
gravity  of  water  at  60°  Fahr.  being  1000,  if  1  per  cent,  of  sulphate  of 
copper  is  added,  the  specific  gravity  of  the  mixture  will  be  1006  nearly. 

The  sooner  the  trees  are  prepared  after  being  felled  the  better,  and 
it  is  therefore  advisable  to  prepare  them  as  near  as  possible  to  the 
place  where  they  are  felled.  Trees  felled  at  any  time  between  Novem- 
ber and  May  may  be  prepared  in  May ;  but  those  cut  down  in  May 
or  at  any  time  from  May  to  the  end  of  November  should  be  prepared 
within  three  weeks  from  the  time  of  being  felled. 

In  the  course  of  the  operations  carried  out  in  the  practical  aj^iDli- 
cation  of  this  process,  the  following  facts  have  been  ascertained  : — 
All  kinds  of  wood  do  not  absorb  equally,  and  the  absorption  of 
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^b»  liquid  is  more  nipld  iu  the  utppy  |MirtA  thnii  in  those  nearer  the 
heart  of  the  tree. 

Tl»r  quiiutity  of  tho  (Miliitiun   foicv<|    into   tin*  tin.  .J  ju 

cubic  uji-iuiuiv   to  at  lt*tiMt    ono   htilf  of  the  cubic   (Lin.'  i    ihi* 

timber.  When  u  Boluiion  oontaiuiujj;  Hbout  2^  Urn  of  Bul|»hat«  of 
ci>|i|x*r  in  every  '22  ^iIIoum  htiH  Imvu  fuixxrd  throu^^h  a  hig,  it  apiteant, 
aft*T  alloiring  for  the  Kulphate  earned  oil*  by  thr*  Hap,  tliat  every  M  cubic 
fe<»t  of  wood  have  retnintnl  from  1  1  Uw.  to  l'.\  1I»k.  of  Kulplutteof  Lx>pj*r. 

For  a  log  about  9  feet  lonj,'  the  proceaH  of  iuipre;^nation  oocupiea 
two  days,  when  the  timlK»r  is  newly  felled  and  the  Koluiion  i  I 

by  a    hea»l   of   about    .S^    feet.     If  tlic    wootl    hiut  been  ft.,    i    : o 

months,  three  days  are  required ;  an<l  if  four  montha,  four  days  are 
neoeesary  to  complete  the  impregnation. 

The  greater  the  elevation  of  the  cistern  from  which  the  liquid  is 
supplied,  the  moi-e  rapitl  and  complete  is  the  proceas  of  saturation. 
The  influence  of  pre.s.sui*e  however  is  perceptible  only  in  wood  that 
readily  mluiits  of  jieneti-ation,  such  a.s  beech,  hornbeam,  birch,  Scotch 
fir,  «bc.  The  attempts  made  to  force  the  Liquid  by  means  of  pressure 
into  wood  which  under  ordinary  conditions  is  imfjenetrable  have  proved 
altogether  ineffectual.  Of  ditferent  kinds  of  trees,  those  which  posses 
meet  moisture  aix;  most  easily  i)enptrated  by  the  solution,  and  of  the 
same  kind,  those  which  have  grown  in  the  dani|jest  soils.  Hence  the 
least  valuable  and  cheajiest  kinds  of  timber  aiv  precisely  those  which 
give  the  best  results  when  impregnated  with  the  sulphate  of  cop|K?r. 

The  process  may  be  carried  on  all  the  year  round,  except mg  at 
temi>eratui-efi  so  low  as  to  fi-eeze  either  the  solution  to  be  injected  or 
the  sap  which  oozes  out  of  the  timber. 

The  present  process  m  ly  be  employed  with  atlvantage  for  pre|)aring 
timber  in  aill  eaaes  where  it  is  liable  to  decay.  Railway  slee|>ers  and 
telegraph  posts,  ship  planking,  timbering  for  mines,  wood  lencing, 
gates,  farm  buildings,  and  other  sti-uctures  of  wood,  will  last  manv 
additional  years  if  prejiai-ed  in  this  manner.  The  process  may  be 
successfully  applie<l  to  cheap  wood  of  quick  growth,  such  as  Scotch 
fir,  beech,  elm,  and  other  timljer  grown  in  this  country  ;  it  is  not 
necessary  that  the  wood  should  be  dried  or  seusoned  U-f.irc*  being 
prejiared,  but  on  the  contrary  the  Oj>eration  Is  best  etfected  im- 
mediately after  the  tree  is  cut  down. 


200  PRESERVATION   OF  TIMBER. 

Mr.  Reid  exhibited  samples  of  the  solution  of  sulphate  of  copper 
used  in  the  process  of  prepai'ing  the  timber,  containing  1  per  cent,  of 
the  salt ;  also  a  specimen  of  the  cross  section  of  a  sleeper,  stained  in 
the  form  of  the  letters  of  a  name,  the  letters  being  equally  visible  in 
any  cross  section  of  the  sleeper.  He  showed  also  a  sample  of  the 
sap  ]-ecently  expelled  from  a  piece  of  timber  by  the  process;  and 
exhibited  the  action  of  the  test  for  ascertaining  the  extent  of  satura- 
tion, the  timber  being  stained  deep  brown  on  rubbing  with  prussiate 
of  potash,  when  properly  saturated  with  the  solution  of  sulphate  of 
copper.  He  said  the  process  would  also  be  shown  in  operation  after 
the  meeting  on  full-sized  timber  cut  down  a  few  days  previously. 

Mr.  Scott  Russell  enquired  what  was  the  mechanical  mode  of 
applying  the  cap  and  tul)e  for  injecting  at  the  end  of  the  timber,  and 
whether  it  could  be  readily  applied  to  any  timber. 

Mr.  I^EiD  replied  that  the  cap  pnt  on  the  end  of  the  timber  was 
made  of  any  piece  of  hard  wood,  fitted  water  tight  on  to  the  timber 
with  an  india  rubber  packing  ring;  the  solution  was  then  injected 
into  the  cavity  of  the  cap  by  a  flexible  tube  from  the  main  pipe  lead- 
ing from  an  elevated  cistern.  The  ordinary  and  cheaper  plan  however, 
and  that  generally  adopted  for  railway  sleepers,  was  to  inject  in  the 
middle  of  the  length  of  the  timber,  where  it  was  intended  to  be 
cut  up  afterwards  ;  a  cross  saw  cut  was  made  in  the  middle  nearly 
through  the  timber,  and  a  piece  of  cord  placed  in  it  round  the  edge 
to  form  a  water  tight  joint ;  the  solution  was  then  injected  into  the 
cut  through  an  auger  hole. 

The  Chairman  asked  what  length  of  time  the  process  had  been 
thoroughly  tested,  and  what  was  the  severest  test  the  prepared  timber 
had  been  subjected  to ;  also  whether  it  had  ever  been  tried  by  long 
exposure  in  cellars  where  the  dry  rot  prevailed.  He  remembered  the 
late  Mr.  Cubitt  had  a  cellar  where  he  tried  samples  of  all  kinds  of 
timber,  but  he  could  never  get  any  to  stand  the  dry  rot,  all  sorts  of 
timber  becoming  decayed  before  any  great  leng-th  of  time. 

Mr.  Reid  replied  that  the  longest  trial  that  had  been  made  was  of 
some  railway  sleepers  in  France,  a  number  of  which  had  now  been 
laid  on  the  Northern  Railway  for  a  period  of  8  years,  and  continued 
quite  sound  and  satisfactory.  He  was  not  aware  whether  the  efiect 
of  the  preparation  had  been  tried  in  resisting  dry  rot  in  the  manner 
alluded  to. 

Ml.  FoTHERGiLL  asked  whether  any  attempt  had  been  made   to 
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saturate  the  timber  b^'  an  exhuuHting  ve«8cl,  to  remove  the  sap  and 
open  the  {wres  of  the  tiiul»er,  and  by  then  introducing  the  solution 
by  op  -iiiii^  a  tap  whilMt  the  exhiuiMtiun  wum  cuiitiuue<i. 

Mr.  Rkid  aiiid  that  motle  uf  injuctiou  had  nut  been  tiied,  the 
object  having  been  to  save  machiuory  and  obtain  the  result  with  the 
simplest  description  of  apiuiratus,  mo  that  it  could  be  readily  and 
cheaply  erected  at  any  place  where  the  tinil»er  was  felled. 

Mr.  ScoiT  empiiix'd  whether  large  s<|uaiv«l  timber,  Huch  as  seasoned 
Memel  or  American  pine,  could  be  satunitt^nl  by  the  pixx-ess,  or 
whether  it  should  l>e  done  in  the  log  before  l>eing  cut  up. 

Mr.  Keid  replied  that  large  timber  |jartially  84{uare<l  had  lK*en  thus 
pre  pare*!  in  Fnince  for  the  navy  ;  but  the  process  did  not  answer  so 
well  for  squared  Memel  and  other  imported  timber,  since  in  order  to 
do  it  advantageously  it  ought  to  be  performed  a.s  soon  as  possible  after 
the  ti'ee  was  felled.  The  Ijest  j>lau  was  to  i>erform  the  process  on  the 
tree  in  the  forest,  for  after  it  had  been  scjuared  the  fibres  were  so 
intersecteil  by  the  cut  face.s  that  the  solution  was  not  carried  com- 
pletely through  all  pai-ts  of  the  timber. 

Mr.  Scott  asked  whether  creosote  could  l>e  injectetl  in  the  same 
way,  and  what  was  the  relative  exi>ense  of  the  two  processes  for 
preserving  timber. 

Mr.  Reid  said  that  the  creosote  of  the  quality  in  general  use  would 
not  flow  in  sufliciently  by  a  head  pressure  like  the  solution  of  sulphate 
of  copper,  and  machinery  was  requii-ed  to  do  creosoting  in  the  most 
eflScient  and  economical  manner ;  but  as  the  cost  of  labour  was  less, 
the  total  expense  of  the  two  processes  came  to  about  the  same.  The 
oi-dinary  9  feet  railway  sleepers  cost  about  1*.  each  prejmred  with  the 
sxilphate  of  copper. 

The  Chairman  pro|K)sed  a  vote  of  thanks  to  ^ir.  Keid  for  his  pai)er 
and  the  8j>ecimens  exhibited,  which  was  passe<l. 


The  following  Paper,  by  Mr.  James  Robeilson,  of  Ardrossan,  was 
was  then  read  : — 
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ON   GROOVED-SURFACE   FRICTIONAL   GEARING. 

The  object  of  tliis  paper  is  to  describe  a  system  of  frictional  gearing 
recently  introduced  by  the  writer,  intended  chiefly  for  high  speeds ; 
and  to  give  such  information  regarding  its  action  and  driving  capa- 
bilities as  the  several  aj^plications  of  it  in  use  will  afford. 

The  grooved-surface  frictional  gearing  consists  of  wheels  or  pulleys 
geared  together  by  frictional  contact,  communicating  motion  indepen- 
dently of  teeth  or  cogs  ;  the  driving  surfaces  are  grooved  or  serrated 
amiularly,  the  ridges  of  one  surface  entering  tlie  grooves  or  furrows 
of  the  other.  The  extent  of  contact  is  thus  increased  in  the  direction 
of  the  breadth  of  the  rim,  and  a  lateral  wedging  action  is  obtained, 
which  augments  the  effect  of  the  pressure  holding  the  wheels  in  gear, 
the  necessary  amount  of  wliich  is  felt  to  be  so  injuiiousto  the  bearings 
of  the  shafts  when  the  power  is  communicated  by  plain  driving  surfaces. 

The  grooved-surface  gearing  is  shown  in  Figs.  1  to  15,  Plates  79 
and  80,  under  a  variety  of  modifications.  The  grooves  are  made  angular 
or  V  shaped,  as  shown  full  size  in  Fig.  16,  and  are  found  to  suit  best 
when  formed  at  an  angle  of  about  50°.  The  pitch  or  distance  between 
the  grooves  is  varied  according  to  the  velocities  of  the  wheels  and  the 
power  to  be  transmitted  ;  the  smallest  pitch  employed  is  |^  inch,  and 
that  required  for  the  very  heaviest  operations  about  |  inch.  The 
ordinary  pitch  is  about  |  inch,  as  shown  full  size  in  Fig.  16.  The 
wheels  are  turned  up  truly,  and  the  grooves  equally  pitched  and  made 
exactly  alike  on  each  face  with  a  turning  tool  similarly  formed  to  a 
common  sci-ew-cutting  tool,  so  that  on  applying  the  surfaces  to  each 
other  a  well  fitted  contact  throughout  the  faces  is  obtained.  In  order 
to  increase  and  sustain  the  wedging  action,  the  points  of  the  ridges 
are  left  blunt,  as  in  Fig.  16,  to  prevent  them  from  reaching  to  the 
bottom  of  the  grooves. 

Cast  iron  has  as  yet  been  the  only  material  used  in  the  construction 
of  the  grooved  wheels,  and  its  action  has  been  found  so  satisfactory  that 
there  is  no  necessity  for  trying  any  other.  The  surfaces  after  working 
a  short  time  together  assume  a  smooth  polished  appearance,  taking  a 
greater  hold  in  projjortion  to  the  smoothness  they  acquire  ;  and  when 
a  sufficient  breadth  for  the  speed  and  power  to  be  transmitted  gets 
into  contact  there  is  afterwards  no  perceptible  tendency  to  wear. 

The  fi-iction  caused  by  the  contact  of  the  grooved  surfaces  appears 
to  be  governed  by  the  same  general  laws  as  in  the  case  of  plain  sur 
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&0M : — it  baart  the  nme  ]iit)|>ortiun  to  Uie  force  by  which  the  Kurfucm 
ar«  preMed  together,  whHtover  ho  th«  amount  of  th^t  force;  it  ijt 
inde|jendeDt  of  ihu  uxu<nt  of  Hurfuou  iu  coiituci ;  uu<i,  the  amount  uf 
frictiun  caiiHo^l  by  the  actiun  of  thi<  surfacfH  in  motion  iji  inde|jendent 
of  the  Npeetl  of  the  motion.  The  only  |H>intti  that  have  to  be  attended 
to  therefore,  lio  far  oh  tho  |x)\\cr  or  ilri\iii;,'  contact  iit  ouncemed,  are 
the  angle  of  the  ^'ixkjvi'h,  and  thu  |>i-c.>j>iiri;  holding  them  in  contact, 
the  extent  of  surface  in  contact  boin^  dotenuined  ao  aa  to  prevent 
abriLsion  and  withbtiuid  tlio  wearing  action.  With  reapect  to  the  law 
rekting  to  the  constiincy  of  tho  amount  of  friction  irrespective  of  the 
velocity  of  motion,  so  far  a«  in  yot  awcertained  there  ia  no  evidence 
that  it  does  not  also  apply  equally  with  the  two  other  laws  :  but  the 
friction  of  two  wheelH  mlling  on  each  other,  so  long  as  there  is  no 
slipping  action,  is  moi-e  proj>orly  the  friction  of  quiescence  than  that 
of  motion ;  for  though  in  motion,  the  points  in  contact  in  the  line  of 
centres  may  be  regarded  as  being  momentarily  at  rest  In  the 
exi)eriaients  instituted  by  the  French  Government,  conductor!  by  M. 
Morin.  the  friction  of  plain  flat  ca.st  iron  surfaces  without  any  lubri- 
cation is  given  at  nearly  one  sixth  of  the  pi-e.ssure  holding  them  in 
contact ;  and  it  is  geuemlly  underetood  that  plain-surface  pullej-s  or 
wheels  give  nearly  the  same  i-esults.  In  the  case  of  wrought  iron 
the  friction  L>  somewhat  greater,  as  shown  by  the  adhesion  of  the 
wheels  of  locomotive  engines  on  the  rails.  The  genenil  laws  of  fric- 
tion do  not  however  apply  so  closely  to  the  action  of  wheels  of  all 
diametci"s  as  to  flat  surfaces  ;  wheels  of  large  diameter  or  more  nearly 
approaching  to  flat  surfaces  show  a  decided  superiority  of  action. 
With  grooved  surfaces  also  the  su|)eriority  of  large  wheels  to  those  of 
small  diameter  is  very  apparent. 

In  Plates  79  and  80  the  grooved-surface  gearing  is  shown  as 
applied  to  various  forms  of  spui*  and  bevil  wheels. 

Figs.  1  and  2  repi-esent  a  pair  of  spur  wheels,  A  and  B,  geared 
by  the  frictionul  contact  of  the  grooves  formeii  on  theii-  surfaces. 

Figs.  3  to  5  show  a  plan  for  obtaining  a  high  sjieed  from  the  tlriving 
Ijelt,  without  the  usual  an-aajjenuMit  of  counter  shaftij  and  In-lt  pulleys 
between  the  main  driving  shaft  and  tlie  machine  to  l»e  driven,  and 
without  tho  disadvantage  of  passing  the  belt  over  a  small  pulley.  A 
small  grooved  pulley  C  is  keyed  on  the  shaft  to  which  the  high  velocity 
is  to  be  communicated,  and  ujx)n  it  is  placed  a  looae  inflexible  ring  D, 
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of  two  or  three  times  the  diameter  of  the  pulley,  grooved  internally 
to  fit  it,  and  turned  up  smoothly  on  the  outside  to  receive  the  driving 
belt  E.  The  belt  gives  motion  to  the  spped  ring  D,  the  inner  grooved 
surface  of  which  communicates  a  higher  speed  to  tlie  pulley  C.  The 
speed  ring  is  held  in  its  position  and  in  efiective  driving  contact 
by  no  other  guide  or  pressure  than  the  position  and  tension  of  the 
belt.  Figs.  6  to  8  show  a  double  speed  ring  for  obtaining  increased 
lateral  steadiness  at  high  speeds,  if  required.  By  these  arrangements 
a  belt  may  be  passed  over  a  speed  ring  of  16  inches  diameter,  and 
yet  communicate  the  same  speed  to  the  shaft  as  if  it  were  passed  over 
a  pulley  of  only  4  inches  diameter. 

Figs.  9  and  10  show  a  pair  of  bevil  wheels,  F  and  G,  geared  by 
means  of  grooved  surfaces. 

Figs.  11  to  13  show  a  clutch  arranged  for  engaging  and  disengaging 
by  means  of  grooved  surfaces.  The  two  discs  H  and  I  are  formed 
with  corresponding  circular  grooves  on  their  faces ;  the  disc  I  is  driven 
by  a  belt  and  pulley  K,  and  revolves  loose  on  the  shaft  between 
collars ;  the  disc  H  slides  longitudinally  on  the  shaft,  to  which  it  is 
connected  by  a  couple  of  keys.  The  clutch  is  engaged  and  disengaged 
by  means  of  the  handle  L,  a  very  small  motion  of  which  is  sufficient. 
By  adding  a  second  pair  of  grooved  discs  with  a  second  belt  and 
pulley  on  the  other  side  of  the  handle  L,  a  reversing  clutch  of  simple 
construction  is  obtained,  the  second  pulley  being  of  course  driven  in 
the  opposite  direction  to  the  pulley  K. 

Figs.  14  and  15  represent  an  arrangement  for  reversing  in  a  simple 
manner.  The  main  driving  shaft  carries  a  disc  M  having  two  pro- 
jecting rims  N  and  0  formed  upon  it ;  the  outer  rim  IST  is  grooved  on 
the  inside  and  the  inner  rim  O  on  the  outside  with  corresponding 
grooves.  The  shaft  that  is  to  be  driven  carries  a  small  grooved  pulley 
P,  the  diameter  of  which  is  slightly  less  than  the  distance  between 
the  two  gi'ooved  rims.  The  motion  of  the  pulley  P  will  then  be 
reversed  by  moving  it  slightly  nearer  to  or  farther  from  the  main 
driving  shaft,  so  as  to  throw  it  into  gear  with  the  inner  or  outer  rim 
respectively.  This  plan  wUl  be  found  of  great  advantage  in  screw 
steamers,  allowing  the  screw  propeller  to  be  reversed,  while  the 
enoines  are  working  continuously  in  the  same  direction ;  the  propeller 
will  of  course  be  di'iven  at  a  reduced  speed  when  reversed,  but  this 
is  of  little  importance  in  running  backwards. 

For  comparing  the  pressure  required  to  hold  the  grooved  surfaces 
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in  gear  and  th«  power  transmitted,  various  opportunitiMi  hare  oerarrM 
in  the  actual  use  of  tbe  fnctional  geiirin;;.  nnd*rrang6imentii  hitvi*  bwn 

ina<!-  ''  '  '     '    ■  •      :.     1      ;    ^, 

i*nj»ji  'I 

ring  movement  nlready  dc««cril»ed  fur  raUing  liigh  H|ie(Hla.  One  of  tht«« 
«I>«hm1  ringM,  of  the  Thuj  shown  in  Figs  3  to  5,  haa  beevi  wot ! 

factorily  on  a  large  foundry  fan  fur  some  time ;  an«l  from  ti ... 

atance  that  the  fun  was  previously  driven  by  a  belt  of  the  same  fcize 
over  a  plain  pulley  of  the  sunje  di>imeter  as  the  small  grooved  pulley 
I  1,  this  case  atf' •  "  '  «• 

\  ofUiesetwoii  :  „  i  « 

application  of  the  ring,  the  belt  was  passed  over  a  pulley  G  feet 
diameter  keyed  on  the  driving  shaft,  and  over  a  pulley  7 J  inches 
diameter  on  the  fan  Rpindle ;  but  the  continual  bendin?  of  a  large 
heavy  belt  over  a  pulley  of  so  small  di;imet<.'r  made  ittliliicult  to  ket'p 
up  the  proper  driving  tension,  and  the  belt  was  speedily  cut  up  The 
ring  now  int<'rix)sed  between  the  belt  and  pulley  is  13 J  inohe* 
diameter,  and  saves  the  belt  from  injury  by  the  greater  diameter  over 
which  it  bends.  The  ring  works  steadily,  and  drives  the  fan  at  the 
same  speed  as  when  the  belt  was  passed  directly  over  the  small  pulley, 
thereby  showing  that  the  grooved  metal  surface  does  not  strain  the 
bearings  more  than  the  ordinary  arrangement  of  driWng  Vjy  belts. 

Another  method  has  also  been  employed  for  comparing  the  driving 
capabilities  of  the  grooved-surface  gearing  with  those  of  belts,  by  means 
of  a  testing  appai-atus,  having  the  same  pressure  on  the  bearings  of  the 
axis  as  is  produced  by  belts.  The  testing  apparatus  is  made  by  gear- 
ing together  two  spur  grooved  wheels,  each  21  inches  diameter  and 
3^  inches  broad  across  the  face,  the  grooves  being  cvit  at  f  inch  pitch 
and  at  the  angle  of  50".  Motion  was  communicated  to  the  driving 
wheel  by  a  7  inch  belt  over  a  pulley  30  inches  diameter,  so  disposed 
that  there  was  no  pressure  to  hold  the  two  wheeb  in  gear  but  the  pull 
or  strain  of  the  l>elt.  A  plain  friction  strap  wheel  was  keyed  on  the 
spindle  of  the  driven  wheel,  with  a  strap  and  break  handle  attached, 
BO  that  it  could  either  be  retarded  or  8topi>ed.  On  a]iplying  the  break, 
it  cither  causetl  the  l^elt  to  slip  or  stoppetl  the  driving  engine,  without 
the  grooved  wheels  sliowing  any  tendency  to  slip. 

The  testing  apparatus  is  also  arranged  for  the  more  interesting  ex- 
periment of  indicating  by  graduated  levers  the  amount  of  bite  or  driv- 

c  2 
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ing  hold  under  various  pressures.  The  various  pressures  that  have 
been  tried  show  a  uniform  driving  power  of  one  and  a  half  times  the 
pressure  applied  to  hold  the  grooved  surfaces  in  contact ;  or,  the  pres- 
sure on  the  axis  is  onl}'  about  one  ninth  of  that  which  would  be  re- 
quired with  plain  cast  ii'on  suifaces  of  the  same  breadth  to  produce 
the  same  effect.  In  other  words,  the  wheels  require  a  force  of  3  lbs, 
acting  at  their  cii'cumference  to  make  them  slip,  for  every  2  lbs.  of 
pressure  applied  on  the  axis.  It  is  evident  that  this  moderate  pi'es- 
sure  on  the  axis  would  not  be  felt  to  be  any  serious  inconvenience  in 
many  positions  in  mill  and  other  gearing,  or  in  the  general  construc- 
tion of  machines.  So  far  as  the  writer  has  been  able  to  ascertain  there 
are  no  recorded  experiments  that  have  been  instituted  to  detei'- 
mine  with  how  much  force  toothed  spur  wheels  tend  to  press  each 
other  outwards  in  the  direction  of  their  line  of  centres  when  the  strain 
is  upon  them ;  but  judging  from  the  strength  of  the  bolts  usually 
employed  to  hold  them  in  place,  this  force  would  be  considerable ; 
and  should  it  be  the  case  that  they  press  outwards  with  a  force  equal 
to  the  pressure  necessary  to  hold  the  grooved  pulleys  in  contact  when 
tra,nsmitting  the  same  amount  of  power,  then  the  friction  on  the  bear- 
ings in  both  modes  of  communicating  power  would  be  the  same.  To 
submit  toothed  wheels  to  a  satisfactory  test  for  this  purpose  would 
however  be  a  work  of  some  difficulty  and  expense. 

There  is  a  difference  between  the  friction  produced  on  the  axes  in 
toothed  wheels  and  in  friction  wheels,  which  might  possibly  escape 
attention.  The  pressure  on  the  axes  of  the  friction  wheels  in  the 
du'ection  of  theii'  line  of  centres  is  the  same,  if  the  motion  is  uniform, 
whether  the  power  they  transmit  be  much  or  little  :  whereas  toothed 
wheels,  when  there  is  little  strain  being  passed  through  them,  or  when 
they  can  be  moved  by  hand,  apj^ear  freer  in  their  action  than  friction 
wheels  ;  but  when  a  great  strain  is  being  passed  through  them,  the 
friction  caused  by  the  slipping  action  of  the  teeth  and  by  the  pressui'e 
on  the  bearings  is  considerable. 

There  is  a  slight  slip  or  irregularity  in  the  rolling  action  in  the 
grooved  wheels,  which  does  not  occur  in  the  action  of  plain  surfaces, 
arising  from  the  difference  of  the  diameters  of  the  points  of  the  ridges 
and  the  bottoms  of  the  grooves;  but  this  slipping  is  little  felt  in 
practice,  and  when  measured  is  inconsidei'able  in  amount.  In  a  pair 
of  grooved  wheels  8  feet  diameter  and  1  foot  broad  with  24  grooves 
working  together,  there  is  a  slip  of  only  10  square  inches  in  an  entire 
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revolution  ;  wh^i-ean  in  tooth<'<l  whw»U  of  the  wirae  bpejwlth  and 
dianieti  r  with  cog«  at  3  iiiche*  pitch  of  thu  ordiiiHry  ])n>|>oitionii,  there 
18  H  surface  to  iili|t  over  at  each  cv>'»  of  about  24  ixjn  '  v 

the  pittiro  avoa  of  one  hiilo  of  tljc  cog,  making  n  ,  -i 

IG  aquare  feet  every  revolution. 

Rvtuniin;;  to  the  quostion  of  the  preiuiure  re«juircHl  by  the  gix>u\fd 
whtMjU  to  hohl  them  in  gear,  it  nu\y  be  well  to  iiiHtance  a  caMe  in  which 
tlie  amount  of  |ireH!>iii*e  requiixnl  for  accomplifehiiig  a  given  amount  of 
work  could  l)e  calculated.  Take  for  example  screw  pro|)eller  gearing, 
with  a  wheel  of  8  feet  diameter  and  a  pinion  of  2  feet  8  inchiMt  diameter  ; 
the  engine  shaft  working  at  40  i-evolutions  i>er  minute  would  give  120 
revolutions  per  minute  to  the  propeller,  and  1000  circumferential  feet 
of  motion  i>er  minute  to  the  rim  of  the  wheel.  Adopting  the  standard 
calculation  of  the  effect  of  one  horse  jiower  .-i-s  equivalent  to  iniising 
3t,000  lbs.  one  foot  high  per  minute,  the  dynamical  effect  of  one  hor»e 
power  is  represented  by  a  weight  of  33  lbs.  acting  at  the  rim  of  the 
wheel  ;  theivfore  as  shown  by  the  testing  machine  22  lbs.  of  pi-essure 
on  the  engine  and  propeller  shafts  fur  each  horse  jjowerof  the  engine, 
or  for  every  33  lbs.  at  the  rim  of  the  wheel,  is  all  that  is  required  to 
keep  the  pro|)eller  pinion  in  contact.  This  would  make  a  total  pres- 
sure of  2200  lbs.  or  about  1  ton  for  an  engine  of  100  horse  power. 
It  ne«nl  hardly  he  i"emarked  that  even  if  the  pressure  required  were 
found  in  practice  to  be  double  that  amount,  it  would  yet  l)e  inconsid- 
erable ;  and  with  an  internal  wheel,  such  as  that  shown  in  Figs.  14 
and  1 5,  the  weight  of  the  pinion  if  made  of  the  ordim\ry  proportions 
would  Ije  quite  sutRcient  to  give  there«juired  driWng  adhe.sion.  Wheels 
of  this  description  applied  for  this  purpose  would  amount  to  less  in 
original  cost  than  those  now  in  use  ;  and  so  far  as  their  durability  is 
concerned,  if  proi)erly  proportioned  they  seoni  scaroolv  lialde  to 
wearing  action  at  all. 

Lengthened  t'.\j>eiienoe  is  necessary  to  ascertain  the suiullest  breadth 
of  face  that  will  Ijt  sutiicient  for  ti-aubmitting  a  given  amount  of  [Kjwer 
without  abnuiion  or  wearing  action  ;  and  it  is  therefore  preferred  at 
present  to  make  the  grooved  wheels  bi-oader  in  every  jiosition  tlian 
seems  to  be  alwolutely  neces&iry.  The  general  proportions  of  toothed 
wheels,  as  i-egards  b»»th  breadth  of  face  and  other  diuiensions,  are 
sufficiently  htrong  for  transmittiiig  the  same  i)ower  by  grooved  surfaces ; 
but  the  writer  is  of  opinion  that  less  breadth  of  face  and  li^^hler  yco- 
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portions  of  arms  and  rims  can  be  used  with  safety.  If  tlie  grooved 
wlieels  are  employed  in  every  position  in  a  factory  wliere  wheel  gear- 
ing is  required,  no  shocks  or  jolting  action  can  take  place  ;  and  there- 
fore all  the  wheels  themselves  and  also  the  shafting  and  supports  may 
be  made  much  lighter  than  can  be  used  with  ordinary  geai'ing. 

One  of  the  principal  advantages  of  these  grooved  wheels  is  their 
smoothness  of  action  ;  in  positions  and  at  speeds  when  ordinary  toothed 
gearing  produces  a  disagreeable  jarring  noise,  their  action  is  scarcely 
audible. 

Yaiious  mechanical  arrangements  may  be  adopted  for  holding  the 
surfaces  in  contact  by  springs  or  elastic  substances  placed  behind  the 
bearings  to  press  in  the  line  of  their  centres.  Where  the  relative  posi- 
tions of  the  spindles  or  shafts  will  admit  of  one  wheel  resting  with  its 
own  weight  on  that  with  which  it  is  geared,  there  will  be  an  advantage, 
as  the  upper  wheel  can  be  made  of  sutficient  weight  to  give  the  neces- 
sary adhesion,  thereby  relieving  the  beaiings  of  all  superfluous  strain. 
Where  bevil  wheels  are  employed,  no  arrangements  of  the  bearings  to 
obtaia  the  driving  adhesion  are  necessary ;  but  the  required  pressure 
may  be  obtained  by  making  the  arms  of  one  or  both  of  the  wheels 
corrugated,  as  in  Fig.  10,  and  the  wheels  when  being  keyed  on  the 
spindles  can  be  adjusted  to  any  required  pressure,  in  consequence  of 
the  slight  elasticity  of  the  arms. 

One  application  of  the  grooved  wheels  has  been  made  in  which 
malleable  iron  arms  were  used  in  both  wheel  and  pinion ;  but  a  dis- 
agreeable ringing  noise  was  produced,  and  wheels  made  wholly  of  cast 
ii'on  are  therefore  preferred. 

From  the  advantages  which  frictional  appliances  afford  for  engaging 
and  disengaging  machinery  whilst  in  motion,  a  great  many  reversing 
and  clutching  movements  are  obtained,  as  also  many  simple  methods 
of  inci-easing  or  diminishing  the  speed,  which  are  not  practicable  with 
toothed  gearing.  Sevex^al  of  these  movements  are  in  operation  on  lathes, 
and  screwing  and  planing  machines.  The  variations  of  which  they  are 
suticeptible  apjjear  endless,  and  if  once  introduced  to  spinning  and 
other  arts  no  doubt  many  useful  applications  will  be  brought  forward. 
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Mr.  RuUEHTSuN  exliiliitotJ  n  uiiiulter  of  siiecimfiiui  of  the  grooved 
surface  g«4triug,  ouiutiittiii^  uf  M|jiir  and  Ijevil  wllt^t?lJ(,  and  wheeU  fur 

rovrr         ■•      !        -  ^        •  •  ;  ^  '  ■.•1, 

B|Hv-  1     .  _  :  I  .  ,{ 

the  tenting  uia>.-hiitu  do«M;rihed  in  the  |tit]MM',  fur  uieai>urii)g  the  |irvKfiure 
required  U|)ou  tlio  jourimU  of  a  pair  of  whiflii  iu  urdur  to  obtiiiu  a 
given  power  of  n<lhi»iioii  betMretMt  thu  grouvud  HurfucaM  uf  the  wheels. 

The  CiiAiUMAN  uu«{uiix*d  what  whoehi  on  thi«  cuUittruction  were  at 
preeeut  in  usi*,  and  what  wua  the  greatetit  driving  |iower  that  liad  been 
couiniuii:         '  '        '  •'  ;ug. 

Mr.  I.  ^  If  were  an  yet  not  many  at  work, 

about  a  dozen  applications  in  all ;  six  of  these  were  reversing  movements 
for  scitjwing  machines  and  bcrew  cutting  lathes,  and  one  was  on  a 
planing  machine.  A  pair  of  bevil  wheels  were  at  work,  the  pinion  1 
foot  and  tlie  wheel  3  feet  diameter,  trajismittiug  about  four  honie  [X)wer. 
The  largest  size  yet  employed  was  a  wheel  of  8  feet  diameter  gearing 
into  a  pinion  one  half  that  size  ;  the  wheels  wei^  communiojitiiig  from 
16  to  16  hoi-se  jHiwer,  dnviug  the  lathes,  blast  fan,  and  other  machinery 
in  an  engine  shop.  It  was  only  three  months  since  the  plan  had  been 
tried  for  large  wheels,  and  at  first  only  small  applications  were  thought 
of ;  but  he  expected  now  that  the  construction  would  do  for  any  size 
or  jx)wer,  and  would  be  found  sui>enor  for  a  great  many  puri>o8e8  to 
either  toothed  geaiing  or  8trai>s. 

Mr.  Faihbaikx  doubtetl  whether  there  would  be  any  advantage  over 
toothed  wheels,  in  consequence  of  luss  of  jK)wer  from  friction  ;  he  was 
inclined  to  think  there  would  Ije  less  friction  with  tootlied  wheeb  well 
formed  with  the  correct  epicycloid  curve  for  the  teeth,  and  that  there 
would  be  greater  friction  on  the  bearings  with  gi-ooved  wheels,  owing 
to  the  amount  of  pressure  retjuii-ed  to  give  the  necessary  adhesion.  He 
oonsidei^  the  system  of  toothed  gearing  had  hitheiio  been  found 
better  than  straps  or  other  frictioiml  means. 

Mr.  RoBEHTSON  thought  the  objection  geuemlly  felt  to  driving  by 
means  of  friction  aix>se  from  the  ex|*erienc«;  of  plain  surfaces,  as  in  the 
caae  of  railway  driving  wheels,  where  a  great  pressure  was  required 
to  get  the  necessary  adhesion ;  but  he  had  found  that  the  grooveil 
SurCaoee  required  only  alx)ut  ^th  of  the  pressure  of  plain  surfaces  to 
gire  the  same  amount  of  adhesion  for  driving.  In  the  testing  machine 
when  the  top  wheel  weighing  106  lb«.  was  resting  with  its  weight  on 
the  lower  wheel,  the  bearings  being  clear  from    the   shaft,  a    force  of 
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159  lbs,  acting  on  the  circumference  of  the  upper  wheel  was  necessary 
to  make  them  slip. 

The  Chairman  asked  whether  the  grooved-surface  wheels  had  been 
tried  at  any  veiy  high  velocities.  He  had  seen  in  America  belts  driven 
as  high  as  5000  feet  per  minute  ;  and  he  thought  the  grooved  gearing 
appeared  likely  to  answer  well  for  such  high  velocities  from  the 
smoothness  of  its  motion, 

Mr.  Robertson  said  the  8  feet  wheel  workmg  in  Glasgow  was 
running  at  50  revolutions  per  minute,  making  a  speed  of  1250  feet  per 
minxite  at  the  cii'cumf erence ;  and  a  speed  ring  1 3  inches  diameter 
was  w^orking  on  a  7|  inch  pulley  driving  a  fan  at  1400  revoUitions 
per  minute,  or  about  2750  feet  per  minute  at  the  circumference. 

Mr.  Scott  Russell  thought  the  plan  a  valuable  invention,  as  well 
as  very  ingenious ;  he  was  much  struck  with  the  steady  practical  way  in 
which  the  idea  had  been  prosecuted  and  worked  out  step  by  step.  The 
adoption  of  wedge-shaped  grooves  was  certainly  an  improvement  over 
the  use  of  plain  surfaces  for  friction,  being  attended  with  the  advantage 
of  the  wedge  in  increasing  the  j)ressure  between  the  surfaces  without 
increasing  the  pressure  upon  the  centres  of  the  wheels ;  an  additional 
hold  was  thus  gained,  from  the  surfaces  wedging  one  into  the  other. 
His  impression  was  that  if  the  wheels  were  of  veiy  large  size,  as  for 
the  gearing  of  a  large  screw  propeller,  the  bite  would  hardly  be  suffi- 
cient to  withstand  the  hard  thumps  of  a  sea-going  screw,  and  that 
toothed  gearing  would  still  be  necessary  in  such  cases ;  he  hoped  how- 
ever that  experiments  on  the  application  of  the  plan  would  be  perse- 
vered in  for  every  kind  of  gearing  on  a  small  scale,  as  the  principle 
involved  was  so  good  that  it  might  prove  more  generally  ajDplicable 
than  was  apparent  at  first  sight.  The  contrivance  for  obtaining  a 
high  speed  by  means  of  the  intermediate  speed  ring,  Avithout  requiring 
a  small  sized  belt  pulley,  was  beautifully  canied  out,  and  would  be 
valviable  in'  preventing  the  wear  and  friction  of  a  strap  working  on  a 
small  pulley.  He  enquii-ed  whether  the  loose  ring  was  found  to  work 
steadily  upon  the  small  pinion. 

Mr.  Robertson  had  feared  at  first  that  the  ring  would  not  work 
steadily,  but  he  found  that  the  tension  of  the  strap  was  sufficient  to 
hold  it  steady,  while  running  at  any  speed,  and  the  motion  was 
remarkably  smooth  and  easy. 

Mr.  Fairbairn  observed  that  each  pair  of  grooves  could  be  in  con- 
tact theoretically  only  in  one  line  in  the  line  of  centres,  and  therefore 
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muRt  h»v6  a  very  mtqi*  preiiBure  at  that  priint  in  onln*  to  eoromtim- 
oate  any  hit;h  amount  of  driving  power. 

Mr    F:  N'  ha<l  thought  to  at  first,  u: 

t«jm|ilttt*.i  ..,,..  ...j;  tJ»c  jfix)ov«Ml  ^arin){  to  ii , 

only;  hut  h«  had  Minoe  chaii;;»H|  hi»  view,  from  the  reaulta  of  actual 
working.  Ho  found  that  the  grooved  noon  wore  tlioninelve*  to  smooth 
8urf«o«w  nft«M  '    '  '  -^    •'"  wear  per- 

ceptible.     Wi  .ccurjbut 

it  api^eared  that  groovea  of  only  J  inch  pitch  and  proportionate  deptli 
were  suflScient  for  the  heaviest  gearing.  It  must  be  obaerved  that 
there  was  a  lar*^  amount  of  slip  in  toothed  wheels,  amounting  to 
16  feet  total  length  of  slip  in  one  revolution  of  a  wheel  of  8  feet 
diameter  with  cogs  of  3  inches  pitch ;  but  there  w»a  only  about  one 
inch  length  of  slip  with  a  groovetl  wheel  uf  the  same  size  with  grooved 
of  i  inch  jntch.  He  wished  that  more  complete  experiments  were 
tried  upon  toothed  wheels,  to  ascertain  the  amount  of  power  lost  by 
friction  between  the  teeth  and  pressure  upon  the  journals,  in  order  that 
a  complete  comjMirison  might  be  made. 

Mr.  Harvey  thought  that  toothed  wheels  were  objectionable, 
where  liable  to  sudden  heavy  strains ;  and  it  was  advantageous  to  get 
the  wheels  to  slip,  when  the  stmin  became  too  great  and  risked  the 
fi-acture  of  the  teeth,  as  in  the  gearing  of  large  steamers  in  a  heavy 
sea,  so  that  they  might  hold  only  up  to  a  certain  amount  of  power,  and 
beyond  that  strain  be  sure  to  slip.  In  the  centrifugal  drying  machines, 
which  were  driven  at  a  very  high  speed,  it  was  necessary  to  drive  by 
cones,  in  order  to  get  up  the  8j>eed  gradually  ;  but  when  smooth  cones 
were  used  they  were  found  to  slip,  and  they  were  afterwards  covered 
with  leather,  to  obtain  the  effect  of  the  imperceptible  teeth  of  the 
leather ;  but  as  the  leather  got  worn,  it  soon  became  too  smootli  to 
drive,  plain  surfaces  only  being  in  contact. 

Mr.  SiEMESS  thought  the  objection  of  rapid  wear  that  had  been 
niaed  to  the  friction  of  the  grooved-surface  wheels  was  less  important 
in  practice  than  might  appear  at  first.  The  surfaces  in  contact  at  each 
groove  were  two  cones,  and  if  absolutely  hard  they  could  be  strictly 
in  contact  only  in  a  line,  and  only  for  a  moment  in  passing  the  line  of 
centres,  and  consequently  the  slip  during  that  momentary  contact 
would  become  indefinitely  small.  But  if  the  surfiaoea  were  eUstic, 
they  would  remain  in  contact  for  some  appreciable  time,  and  mould 
then  appreciably  slip  during  contact  from  the  angular  motion  of  the 
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two  surfaces  in  opposite  directions.  Cast  iron  however  being  very- 
hard  would  have  very  little  yielding,  and  consequently  there  could  be 
only  very  slight  friction  in  the  grooves,  when  they  were  no  deeper 
than  shoAvn  in  the  drawing. 

Mr.  McFarlane  asked  whether  the  grooves  required  oiling,  when 
there  was  much  friction  betAveen  the  wheels;  if  there  were  not  a  large 
I'ubbing  surface  he  thought  the  grooves  would  soon  wear  away,  and 
get  to  bottom  in  one  another. 

Mr.  Robertson  said  the  grooves  were  not  oiled  at  all;  but  they 
were  not  found  to  wear  perceptibly  if  the  necessary  breadth  of  wheel 
was  given,  after  once  assuming  a  smooth  polished  surface,  which  soon 
took  place  after  setting  them  to  woik. 

The  Chairman  observed  that  the  circumstance  of  the  grooves 
being  found  to  become  polished  on  the  surface  in  the  course  of  work 
showed  the  existence  of  friction  between  them.  The  action  was  some- 
what similar  to  that  of  a  roller  working  against  the  sides  of  the  thread 
of  a  screw  and  traversing  longitudinally  along  the  screw,  which  he 
had  applied  and  found  to  work  with  little  wear.  His  impression  was 
that  for  high  velocities  the  grooved-surface  gearing  was  likely  to  be 
very  valuable. 

He  proposed  a  vote  of  thanks,  which  was  passed,  to  Mr.  Robertson, 
for  his  paper  and  the  numerous  specimens  that  he  had  exhibited. 


The  following  Paper,  by  Mr,  John  Stephen,  of  Glasgow,  was  then 
read  : — 
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DESCRIPTION  OF  A  STKAM    i;<iili.i;    \miii  «m.M DINED 
IMKICNAL  AND  EXTKUNAL  FUlCNACfiJ. 

There  ure  two  mwloH  of  firing  boilcni  at  preeent  in  uar  ;  one  oon- 
•iating  in  firing  by  means  of  an  external  furnooe  placed  undor  the 
bottom  of  the  boiler,  oji  in  tlie  orij^inal  wagon  boiler,  and  in  aoma 
examples  of  ita  Hucooasur,  tt  '-  '  -  '  '  '  r,  Hometimea  with  and 
•ometimes  without  return  tl  ^h   the  water  spacea  of 

the  boiler ;  whilst  in  tlie  other  mode  the  boiler  ix  fired  bj  meana  of 
a  furnace  in  nn  intermil  flut>,  the  flumes  and  heated  gases  nrtuming 
under  and  along  t!f  Ki,l,.si  ,,f  i}ie  boiler,  hs  in  tli.-  rurnish  &nJ  other 
boilers. 

In  the  boiler  forming  the  subject  of  this  {Mper,  both  these  plans 
ore  combined,  and  the  heati-  !  -vajwrating  efliect  is  thereby  con. 

centrat«d,  whikt  simco  Li  «  I   and  the  size  and  co^t  of  the 

boiler  itself  is  reduced  ;  or  in  other  words,  the  same  boiler  is  made  to 
do  so  much  more  work. 

The  mode  of  working  out  the  improvement  in  practice  is  shown 
in  Figs.  1,  2,  and  3,  Plate  SI.  Fig.  1  is  a  longitudinal  section  uf  the 
end  of  the  boiler  at  which  the  fumaoes  are  placed,  showing  the 
arrangements  for  fii-ing  the  two  sets  of  furnaces ;  Fig.  2  is  a  sectional 
plan  of  the  boiler ;  and  Fig.  3  is  a  transverse  section. 

The  boiler  is  of  the  ordinary  cylindrical  simple  with  flat  ends  and 
gusset  stag's.  There  are  two  internal  flues  A  A  with  grates  at  their 
front  ends.  These  flues  unite  in  a  central  single  combustion  chamber 
B  at  the  back  of  the  fire  bridges,  and  again  diverge  behind  the  cham- 
ber, as  shown  in  the  plan  Fig.  2.  They  may  however,  instead  of 
diverging,  be  continuetl  in  one  large  flue  to  the  end  of  the  boiler ; 
or  if  preferred  for  greater  sti-ength,  the  two  flues  may  be  carried 
straight  through  to  the  end  of  the  boiler  before  uniting.  Two  corres- 
ponding furnaces  CC  are  placed  under  the  boiler,  being  separated 
either  by  a  brick  partition,  or  as  is  prefen-ed  by  a  water  space  D,  as 
shown  in  Fig.  3.  The  flues  of  the  upper  and  lower  right  hand  fire* 
unite  at  the  back  end  of  the  boiler,  and  communicate  with  a  flue  £ 
returning  along  that  side  of  the  boiler  to  the  front.  The  flue  E  com- 
municatee with  a  second  flue  F  above  it,  i>a£siug  back  again  to  the 
back  end  of  the  boiler.  A  similar  arrangement  of  the  flues  is  adopted 
at  the  left  hand  side  of  the  boiler,  and  the  two  upper  flues  F  unite 
at  the  back,  and  their  contents  pass  thence  to  the  chimney.     The  two 

p2 
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upper  furnaces  are  fii-ed  alternately,  as  ai-e  also  tlie  two  lower  ones, 
by  which  means  the  consumption  of  the  smoke  is  veiy  thoroughly 
effected.  The  upper  internal  fm-naces  are  fired  from  a  stage  G,  on  a 
level  with  the  bottom  of  the  internal  flues  A,  so  that  the  ashpits  of 
the  upper  furnaces  can  be  cleared  out  upon  the  stage. 

An  important  practical  advantage  affecting  the  durability  of  the 
boiler  arises  from  the  external  shell  of  the  boiler  and  the  casings  of 
the  internal  flues  being  heated  equally  and  expanding  equally  and 
together,  instead  of  being  unequally  strained  as  in  the  ordinary  kinds 
of  boilei's  before  referred  to.  When  an  extei'nal  fire  only  is  used,  the 
bottom  of  the  boiler  is  much  hotter  than  the  flue,  if  there  is  an  internal 
flue ;  whilst  when  an  internal  fire  only  is  used,  the  flue  is  much  hotter 
than  the  outer  shell ;  and  the  unequal  expansion  of  these  parts  gives 
rise  to  a  sevei*e  sti-ain  tending  to  tear  them  asunder  every  time  steam 
is  raised.  The  effect  of  such  repeated  unequal  expansions  and  con- 
ti'actions  is  to  loosen  the  rivetting  of  the  plates  and  angle  irons,  and 
to  injure  seriously  the  sti-ength  and  durability  of  the  boiler.  The 
difference  of  tempei-atui-e  which  must  exist  in  this  way  between  the 
internal  flue  and  the  outer  shell  of  an  ordinary  boiler  will  cause  a 
palpable  difference  in  the  length  of  these  parts  in  the  case  of  a  boiler 
of  moderate  length  such  as  35  feet. 

With  the  new  aiTangement  of  steam  boiler  which  has  been  des- 
cribed is  also  combined  a  self-acting  boiler  feed  apparatus,  consisting 
of  j)umps  worked  by  a  pair  of  small  donkey  engines.  The  steam 
valve  of  these  engines  is  opened  on  the  descent  of  a  float  within  the 
boiler,  when  the  water  level  gets  low,  the  float  acting  on  the  valve  by 
means  of  a  rod  passing  through  a  stuffing  box  in  the  boiler  shell. 
The  two  steam  pistons  are  connected  to  cranks  at  right  angles  to  each 
other  upon  a  shaft  carrying  a  small  flywheel,  so  that  the  engines  can 
start  at  any  time,  in  whatever  position  they  may  have  stopj^ed  when 
last  woi'king. 

In  fitting  lip  the  improved  boilers,  it  is  usual  to  arrange  in  con- 
nection with  them  a  self-acting  damper  adjustei-,  which  was  intro- 
duced some  yeai-s  ago  by  Mr.  Auld,  one  of  the  inventors  of  the 
present  boiler,  and  has  been  long  in  extensive  and  successful  opera- 
tion. In  this  apparatus  the  steam  from  the  boilers  is  made  to  act 
upon  a  column  of  water,  which  supports  a  float  connected  with  the 
chimney  damper.     When  the  steam  pressure  exceeds  a  determined 
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amount,  it  paases  tliroufli  u  KMuiril  valve,  and  caiuM  tbo  column  of 
wat«r  to  raiae  the  flout  and  cIom  tho  dam|M)r ;  tkU  rvduceathe  furnace 
action  .»    '  '  'wu  the   ntfam   wi*'  '        >.     On   the 

Hteani  \"  ^  too  low,  the  n-x.  {lUce.     In 

ndnptiug  thix  a|t|Hii-Htu8  to  the  iuiproved  l>oileni,  it  ia  ma<lo  to  act  not 
only  on  the  diiui|)er«,  Imt  hIko  uu  air  valves,  which  admit  air  tbrou^^di 
paaaagi^  running  along  tho  Ridi-Hof  the  ext4>rnal  funiacea,  the  air  iM-iug 
delivertMi  into  the  fluea  at  Uk-  fuinaee  liri«lgeH.  The  lluca  of  the  four 
furnaces  being  comhinod  in  tho  manner  descrilied,  and  the  furnace* 
being  flrwl  alternately  or  in  rotation,  th»>  supply  of  '  n, 

or  varieil  only  in  so  far  a«  the  chiimu'y  draught  it-    ■  ■  ■         \y 

with  a  uniform  aperture.  The  object  of  the  alwve  arrangement  how- 
ever ia  to  reduce  the  air  su))ply  when  the  damijer  ia  i>artially  closed 
and  the  furnace  action  restrained,  and  to  increa«©  it  on  the  contrary 
when  the  daniper  ia  opene<l  an«l  combustion  goes  on  more  rapidly, 
when  more  air  is  obviously  re<[uireil. 


Mr.  Stephen  explained  that  his  object  had  been  to  erect  a  boiler 
that  would  do  1  i  or  2  times  as  much  work  as  an  onlinary  boiler  in 
supplying  steam,  without  occupying  more  space,  and  at  the  same  time 
with  an  economical  consumption  of  fuel.  There  were  now  two  of  the 
boilex-s  at  work,  of  7  feet  and  8  feet  diameter,  which  had  been  found 
very  satisfactory  in  raising  steam  ;  but  there  had  l>een  no  means  at 
present  of  working  them  separately,  so  as  to  ascertain  the  exact  con- 
sumption of  fuel  in  either  case. 

Mr.  DusN  l>elieveil  a  l>oiler  very  similar  in  arrangement  to  the  one 
that  had  Iteen  descril>ed  waa  at  work  in  Manchester,  and  underbtood 
the  results  wei-e  lii<,'hly  s|>ok«'n  of. 

Mr.  Fairbairn  thought  that  the  l»oiler  plates  at  the  junction  of 
the  two  flues  would  l>e  found  difticult  to  keep  in  oixler,  on  account  of 
the  flame  of  the  two  furnaces  impinging  so  foivibly  on  that  part. 

Mr.  Johnstone  considered  the  wat«'r  space  U»lu\v  1  '      't^a 

would  l>e  very  liiible  to  bum,  from   the  collection  oi  it 

would  toko  place  in  it  aiul  the  imi»erfoct  supply  of  water ;  a  flre  brick 
partition  between  the  fnx-^  would  be  pivferable,  thoui,'h  certainly  liable 
to  bum  away  quicker  than  the  re»t  of  ih-s  l>oikT  s«ntin^'. 
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Mr.  Harvey  tliouglat  there  might  be  an  advantage  in  the  boiler 
for  some  situations  ;  and  a  brick  partition  or  water  space  would  be  of 
iise  in  dividing  some  wide  furnaces  into  two  portions,  to  be  fired 
alternately  ;  he  had  known  a  case  of  this  being  done  with  an  improve- 
ment in  economy  of  fuel.  However  as  a  means  of  carrying  ofi"  the 
heat  from  the  bottom  of  the  boiler,  a  great  advantage  over  the  brick 
partition  would  be  obtained  by  the  water  space  represented  as  dividing 
the  two  lower  fii-es,  the  bottom  of  which  foi^ming  a  pocket  below  the 
fire  bars  would  thus  become  a  receptacle  for  all  deposit,  from  which 
by  a  biow-ofi"  cock  it  could  be  carried  away  at  convenient  seasons. 

A  vote  of  thanks  was  passed  to  Mr.  Stephen  for  his  paper. 


The  following  Paper,  by  Mr.  Michael  Scott,  of  London,  was  then 
read  : — 
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DESCRirriON    OK    AN    IMI'KOVKD    LADDER    FOR 
"DREDGING  MACHINES. 

In  tlio  c-oui-hf  i.f  oianitiuuH  uu«lfrUkiu  with  the  view  of  improviug 
the  harlKjur  uf  Rlyth,  in  the  county  of  Noithumlx'rluml,  it  liecame 
netvsBary  to  ivmovc  fit>ia  the  bo<l  of  the  rivt-r  home  very  oUlurate 
material,  consisting  of  IjouKler  gnivel,  rotten  ix>ck,  and  very  tenacioiw 
chiy  with  U)iiiaer  stones  in  it.  A  l.reukwatcr  is  in  progrew,  but  it  ia 
not  sufficiently  advanced  to  afl'ord  protection  from  the  swell  of  the 
Geruiun  Ocean ;  and  during  spring  tides  there  is  a  very  nipi<l 
stix'aui  in  the  channel  of  the  river. 

As  it  was  considei-ed  that  the  above  material  could  l»e  removed 
only  by  dredging,  a  single  machine  was  procured,  the  ladder  of  w  hich 
was  fonned  of  timlxjr  strongly  put  together  and  trussed  with  tension 
rods  underne^ith.  Very  soon  after  this  machine  was  set  to  work,  the 
kdder  got  strained,  and  ultimately  gave  way  at  the  distance  of  about 
one  thiixl  the  length  from  the  lower  end.  It  wa.s  carefully  impaired, 
new  timbei-s  put  in,  and  plates  of  ii-on  added  on  each  side,  the  whole 
being  strongly  l>olted  together  ;  but  in  vain,  for  it  broke  a  second 
time.  As  it  was  now  evident  that  a  new  ladder  must  be  providetl, 
the  first  step  to  V)e  t^iken  was  to  make  enquiry  as  to  the  cousti-uction 
and  strength  of  ladders  employed  elsewhere  ;  and  attention  wa.s 
natumlly  fii-st  directed  to  the  Clyde,  where  dredging  oi»erations  of  such 
extraordinary  extent  have  l>een  carried  on  ;  but  the  writer  was  in- 
formed that  iKith  there  and  elsewhei^  the  ladders  were  formetl  of  tim- 
l>er,  »ome  l»eiug  plated  with  ii-on.  Feeling  convincetl  however  that 
this  mode  of  con.struction  would  not  bear  the  strains  to  which  the 
"Blyth  machine  wa.s  e-xjosed,  he  deHsed  the  armngement  forming  the 
subject  of  this  paiK-r,  which  has  pix>ved  quite  succe-viful. 

In  investigating  the  caiuses  of  the  breakage  of  the  original  ladder, 
it  appeai-ed  to  arise  chiefly  fix)m  lateml  weakness;  for  when  the 
machine  was  at  work,  and  the  lower  end  of  the  latlder  in  the  bottom 
of  the  trench  formed  by  the  working  of  the  machine  was  pressing  the 
buckets  agi\inst  the  face  of  the  bank,  if  whilst  in  tliis  iXMUtion  a  beam 
swell  came  against  the  vessel  so  as  to  move  her  sideways,  then  the 
ladder  broke  at  that  jiart  where  it  came  in  contact  with  the  bottom  of 
the  side  of  the  well  in  tlie  dredger.  It  therefore  became  a  primary 
condition  that  the  new  ladder  should  possess  great  lateral  strength. 
The  other  leading  conditions  were  obviously— that  the  ladder  should 
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have  vertical  strength  sufficient  to  carry  the  chain  of  buckets  with 
their  load; — that  it  should  be  sufficiently  rigid; — that  it  should  be 
capable  of  resisting  compi-ession  in  the  direction  of  its  length ; — that 
there  should  be  a  free  passage  for  stones,  &c.,  falling  out  of  the  buckets 
when  over  full; — that  the  ladder  should  be  durable  under  the  influence 
of  sea  water ; — and  lastly,  that  it  should  not  be  over  heavy  so  as  in- 
juriously  to  affect  the  displacement  of  the  vessel. 

In  attempting  to  fulfil  these  conditions,  several  arrangements  of 
material  suggested  themselves.  If  the  body  of  the  ladder  were  formed 
wholly  of  timber,  it  appeared  difficult  to  obtain  the  necessary  strength 
combined  with  a  free  exit  for  the  stones,  &c.  Again,  if  the  ladder 
were  made  in  the  form  of  a  wrought  iron  girder  and  of  thick  plate,  it 
would  be  too  heavy ;  if  of  thin  plate,  there  would  be  danger  of  the 
upper  flange  buckling  ;  and  if  with  a  cellular  top,  then  the  cells  would 
be  too  small  to  admit  of  painting  the  interior,  and  the  ladder  would 
suffer  from  oxidation. 

For  these  reasons  the  writer  decided  upon  adopting  the  construc- 
tion shown  in  Figs.  1,  2,  and  3,  Plate  82. 

Fig.  1  is  a  side  elevation  of  the  new  ladder.  Fig.  2  is  a^  plan,  part 
showing  the  rollers  for  carrying  the  chain  and  buckets,  and  part  with 
the  rollers  removed.  Fig.  3  is  a  transverse  section  of  the  ladder  to  a 
larger  scale,  and  Fig.  4:  a  side  elevation.  Figs.  5  and  6  show  the 
general  position  of  the  ladder  in  the  dredger  when  at  work. 

The  ladder  consists  first  of  a  taibular  wrought  iron  girder  A,  com- 
posed throughout  of  plates  ^  inch  thick  rivetted  together  with  suitable 
angle  irons  and  covering  pieces.  The  spaces  formed  by  the  projection 
of  the  \ipper  and  lower  flanges  are  occupied  by  two  beams  of  timber 
B  secured  by  bolts  both  to  the  webs  and  flanges.  At  each  end  of  the 
ladder  are  strong  wrought  iron  straps  C,  rivetted  to  the  plates  and 
bolted  through  both  plates  and  timber ;  these  straps  or  jaws  carry  the 
plummer  blocks  D  in  which  the  tumblers  E  work,  and  it  should  be 
noticed  that  the  inner  set  of  these  blocks  bear  against  the  ends  of  the 
timber  beams  B,  with  which  they  are  kept  in  contact  by  cotters  act- 
ing upon  the  outer  blocks.  After  the  beams  were  fitted  into  their 
places,  the  plates  F  were  rivetted  on  outside  them,  the  angle  irons 
above  and  below  being  bent  so  as  to  prevent  them  from  catching  the 
sides  of  the  well  G  of  the  dredger,  when  the  ladder  is  lowered  or 
raised,  Undex-neath  the  body  of  the  ladder  are  wrought  iron  struts 
H  and  tie  rods  I,  forming  a  truss  of  the  ordinary  kind.     There  are 
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openings  K  in  the  top  aiu\  botloiu  pluteh  of  the  ginler  A  to  permit 
utouc*.  Ac,  falling  out  uf  the  hucket*  to  .-scuikj,  the  upit-r  oi,<-uing 
»K<iug  iK-riwrnlicuUr  over  the  lower  when  the  lnUaer  hi  ut  an  average 
working  inclination. 

It  is  Hubiuitttnl  that  several  advantages  are  obuinod  by  aUopting 
this  form  of  IiuIcUt  : — 

Fii-stly,   verticiil   sti-ongtli  :  iu»auming   the   boJy  of  the  girder   to 
conhtitute  u  suHicient  upper  tiange  to  ro«iist  compi-uKHion,  the  sectional 
are.1  of  the  iion  pluU-s  alone  being  moi-e  than  three  times  that  of  the 
tie  roils,  and  theix-foi-e  considering  the  strength  of  the  ladder  to  be 
limited  by  the  tensile  strength  of   the  tie  i-o<ls,  the   vertical  strength 
of  the  ladder  calculated  from  the  sectional  ai-ea  of  tie  rods  would  be 
neaily  five  times  the  gi-oatest  weight  ever  put  upon  it,  which  will 
not  exceed    U^  tons  distributed  load,   including   the   weight   of  the 
ladder.     For,  the  sectional  ai-ea  of  the  tie  rods  which  form  the  lower 
flange  is  7  square  inches ;  the  distance  between  the  8upi)ort8,  or  the 
len^ah  of  the  girder,  is  56  feet;  the  depth  of  the  girder  from  centre 
to  centre  of  flanges  is  3 J  feet.     Hence,  taking  the  tensile   breaking 
weight  of  wrought  iron  bai-s  at  20  tons  per  square  inch,  the  breaking 
weight  would  be  35   tons  in  the   middle  of  the  girder,  or  70  tons 
distributed  over  the  entire  length  of  the  ladder. 

Secondly,  latei-al  strength  :  assuming  the  ladder  to  be  laid  on  its 
side,  and  considering  the  strength  to  be  limited  by  the  tensUe  strength 
of  the  bottom  flange,  the  lateral  strength  of  the  ladder  calculated  from 
the  area  of  the  bottom  flange  would  amount  to  a  breaking  weight  in 
the  centre  of  36  tons.  Thus,  the  sectional  area  of  the  ii-on  plates 
constituting  the  bottom  flange  is  8^  square  inches ;  the  length  as 
before  56  feet;  the  depth  3  feet.  Then,  taking  the  ultimate  tensile 
strength  of  wrought  iron  as  before  at  20  tons  per  square  inch,  the 
breaking  weight  in  the  middle  of  the  gii-der  woiUd  be  36  tons. 

Thii-dly,  the  form  here  adopted  aflbrds  considerable  rigidity  and 
power  to  resist  compression  in  the  direction  of  ita  length. 

Fourthly,  the  new  ladder  is  much  sui>erior  to  the  old  one  in  the 
facUity  which  it  aflbrds  for  stones,  ic,  falling  out  of   the  buckets  to 

escape. 

Fifthly,  It  Ls  exi)ected  to  be  dui-able ;  for  there  is  no  part  of  the 
surface  exposed  to  the  action  of  the  water  which  is  not  readily 
accessible  for  jwdnting. 
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Lastly,  this  ladder  was  easily  and  quickly  made,  and  at  a  moderate 
cost. 

The  new  ladder  has  now  been  at  work  for  about  two  months, 
working  most  of  the  time  during  the  night  as  well  as  by  day  ;  it  has 
been  severely  tested  ;  and  having  proved  successful,  the  writer  has 
submitted  the  above  description  of  it  to  the  Institution. 


Mr.  Scott  observed  that  the  special  reason  for  making  the  ladder 
of  the  dredging  machine  so  strong  was  that,  when  imbedded  in  stones 
at  the  lower  end,  the  shifting  or  heaving  of  the  dredger  caused  a 
severe  lateral  strain  acting  at  a  long  leverage. 

Mr.  Fairbairn  remarked  that  the  ladder  formed  a  complete 
wrought  ii'on  girder,  combining  great  strength  with  lightness,  and  it 
appeared  well  designed  for  the  purpose. 

Mr.  Scott  said  the  strength  of  the  ladder  had  been  severely  tested 
by  an  accidental  fall,  that  had  occurred  when  it  was  resting  on  the 
dredger  at  one  end  and  elevated  20  feet  above  the  groimd  at  the  other 
end ;  the  suspending  chain  broke,  and  the  ladder  fell  on  one  end,  but 
did  not  sustain  any  injury. 

The  Chairman  enquired  what  length  of  time  the  new  ladder  had 
at  present  been  at  work. 

Mr.  Scott  replied  that  the  ladder  had  been  in  constant  work  night 
and  day  for  two  months,  and  had  stood  the  work  quite  satisfactorily ; 
its  durability  was  now  a  question  chiefly  of  oxidation.  He  did  not 
think  it  would  be  possible  to  combine  timber  so  as  to  give  sufiicient 
strength  for  the  purpose,  as  the  resistance  to  be  overcome  ,was  so 
great ;  the  rocky  material  lifted  by  the  dredger  was  so  hard  as  to 
tear  the  steel  off  the  edges  of  many  of  the  buckets  in  two  months. 
The  ladder  was  constructed  with  a  small  expenditure  of  material,  and 
was  not  more  expensive  than  one  of  timber ;  and  the  whole  was  made 
in  about  thirty  days. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Scott  for  his 
paper,  which  was  passed. 


The  following  Paper,  by  M.  Pietro  Conti,  Commissioner  of  the 
Sardinian  Government  was  then  read  : — 
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ON  A   NEW  foNSTHlXTlON   OK  IRON  SHIPS  KOH  WAK 

PURP0SK8 

The  imi>oiuntexi»enimMit«  iaH«le  at  Liv#>n)Ool  ami  Woolwich  by 
the  inoHt  lenrnwl  mihI  c-om|>ft*i»t  authoritioH.  on  the  rt^ij»Unc«»  of  iron 
phites  to  Khut^.  having;  ^iveii  ai»  imfiivonible  rehiilt,  the  Huthor  fwU 
that  the  title  of  thih  |m|HM-  muHt  npijeiir  somewhat  Htmnge.  However, 
M  the  principle  of  construction  now  proi>o«e<l  in  «ii«entially  «liflbrent 
from  all  tlioee  hitherto  tried,  he  hopes  that  it  will  not  \>e  thought 
undeserving  of  consiilemtion  and  disruKHion. 

The  use  of  ii-on  in  the  conHtruction  of  vessel*,  which  is  a  subject 
demandiiiR  nioi-e  or  less  tlie  attention  of  all  the  nations  sun-ouuded 
by  sea.  is  of  the  gj-eatest  imiMMUnce  to  the  author's  country.  A 
destructive  insect,  unfortunately  not  altogether  unknown  in  England, 
does  most  serious  injury  to  the  timljer  and  ships  lymg  in  the 
Sardinian  docks  and  arsenals,  in  oonsetjucnce  of  which  the  time  they 
will  i-emain  in  gocni  wu<lition  and  lit  for  eflective  service  is  con- 
siderably shortened,  causing  a  gi-eat  expense,  and  i-enderii\g  it  almost 
impossible  to  keej)  a  large  fleet,  not  from  the  first  cost,  which  the 
country  would  willingly  undeitake  in  order  to  put  the  navy  in  the 
desiml  state  of  efficiency,  but  from  the  enormous  exj^ense  necessary 
to  maintain  it  always  in  the  same  condition,  when  the  materials  have 
so  short  a  duration. 

It  has  been  proved  by  the  above  named  experiments  that  iron 
plates  are  not  only  easily  pierced  by  pointrblank  shot,  but  that  the 
greater  the  distance  from  which  the  shot  is  tii-ed  and  the  less  ita 
force,  the  greater  is  the  damage  produced  by  it  in  the  ship's  wall, 
especially  in  the  side  firet  receiving  the  shot,  which  is  not  pierced 
w4th  a  clean  opening,  but  toni  out  or  shattered  over  a  large  space,  so 
that  it  is  almost  impossible  to  stop  the  hole  and  there  is  gi-eat  danger 
of  the  vessel  l>eing  sunk.  Even  the  floating  batteries,  strong  as  thev 
ai-e.  cannot  resist  the  hea^'iest  shot  ;  and  the  construction  of  a  frigate 
on  that  system  would  from  the  weight  and  expense  be  out  of  the 

question. 

But  although  it  would  »>e  imjK>s8ible  to  construct  a  large  vessel  on 
the  plan  of  the  floating  batteries,  these  may  still  affoni  some  useful 
hints.  The  Ixjttom  of  the  ship,  which  is  the  most  expensive  part 
and  the  most  subject  to  humidity,  dry  rot,  iic,  can  Iw  made,  as  in 
them,   of   iron   up  to  the  depth  of  penetration  of  the  shot  in  the 

F.  2 
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water ;  a  large  frigate  can  thus  have  nearly  half  the  total  height 
constructed  of  iron  in  the  usual  manner.  The  feasibility  of  this 
plan  is  proved  by  the  success  which  has  attended  its  adoption  in  the 
constimction  of  the  floating  batteries.  For  the  remaining  part  of  the 
ship  which  is  exposed  to  shot  the  author's  idea  is  not  to  endeavour  to 
resist  the  shot,  but  to  let  it  pass  through,  with  at  least  as  little 
injury  to  the  sides  of  the  ship  and  the  persons  on  board  and  as  great 
facility  for  stopping  the  hole  as  in  common  wooden  men-of-war ;  and 
he  thinks  that  in  the  proposed  plan,  if  other  peculiar  considerations 
do  not  interfere,  there  will  be  much  greater  facility  for  repairing  the 
effects  of  the  shot. 

It  is  evident  that  if  it  were  possible  to  have,  above  the  line  of 
penetration  of  shot,  iron  frames  so  constructed  and  arranged  as  to  be 
protected  from  the  effect  of  shot,  and  at  the  same  time  to  have  the 
sides  of  the  vessel  made  of  common  planks  easily  worked,  placed, 
repaired  and  fastened  to  the  ii'on  frames,  the  proposed  object  would 
be  then  attained.  Moreover  if  in  the  course  of  a  shot  there  is  a 
fixed  obstacle  acting  as  an  inclined  plane,  it  is  well  known  that  the 
shot  is  diverted  to  a  considerable  angle  from  its  original  direction. 
A  very  striking  instance  of  such  an  effect  is  in  the  deviation  caused 
in  the  course  of  a  rifle  bullet  by  the  bones  of  a  man's  body  ;  a  bullet 
can  pierce  the  skin,  and,  although  the  angle  of  incidence  made  by  its 
direction  with  the  tangent  to  the  rib  bones  be  not  very  small,  the 
bullet  is  deviated  and  travels  between  the  bones  and  the  skin  for  a 
considerable  distance.  The  author  is  personally  acquainted  with 
several  of  these  cases. 

These  considerations  have  led  the  author  to  propose  the  following 
mode  of  construction.  The  frame  work  of  the  ship  is  made  of  angle 
iron  in  the  ordinary  manner  below  the  line  of  penetration  A,  Fig.  1, 
Plate  81.  Above  that  line  the  frames  have  a  prismatic  form,  as 
shown  enlarged  in  Fig.  3,  BB,  their  horizontal  section  being  a 
triangle  with  its  vertex  C  towards  the  outside  plank  D  forming  the 
ship's  wall.  If  a  shot  strike  the  frame  on  the  inclined  sides  B,  it 
will  be  diverted  from  its  direction  by  these  inclined  planes,  and  the 
onlv  destroyed  parts  will  be  the  planks  D  and  E.  The  shot  passing 
through  the  planks  will  strike  the  other  side  of  the  ship ;  and  to 
provide  against  the  breakage  of  the  frames  on  that  side,  they  must 
present  there  also  the  same  cause  of  deviation  to  the  shot.     This  is 
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etl'eeteti  by  adding  tlie  inverUni  inside  piect^ii  F,  which  are  fatteuod  u> 
the  fmiuu  B  \>y  tlie  cutten  G.  The  bliut  buing  diverted  by  the  fruioe 
first  struck  cuiiuut  strike  the  iii^iide  piece  F  uf  the  u|i)>u»ite  fmuie  ou 
the  vortex  11  iii  the  direction  uf  the  ceittra  liue  uf  the  fruuie  su  um  lu 
hiive  its  full  destructive  ell'cct  ;  but  ii'  the  shut  strike  the  uut^de 
frame  on  tlie  verU^-x  C,  then  it  will  huvc  its  full  etluct  and  cause  a 
braakuge  of  the  frame.  Tu  prevent  tliis  result,  the  sijuarewiectiuued 
Itults  1  are  euipluyed,  the  heads  uf  which  ai-e  made  in  the  furiu  of 
inclined  jdanes  siniihu-  to  the  sides  B  of  the  frames,  the  middle  of  the 
inclined  pliuie  covering  exactly  the  vertex  C  of  the  frame,  which  thus 
can  be  struck  only  in  the  safe  i>arts  and  is  completely  protected.  The 
bolts  I  serve  at  the  same  time  to  fasten  the  outside  planks  D  forming 
the  walls  of  the  ship  to  the  fi-ame  B,  to  which  they  are  slix»ngly  tixed 
by  cotters.  If  the  shot  strike  the  bolt  head  on  the  vertex,  the  head 
will  most  probably  bo  wrenched  round,  turning  on  the  inner  corner 
which  is  made  re-entering  for  the  purpose,  or  it  will  be  crushed 
altog»ther ;  but  the  shot  will  never  strike  the  vertex  C  of  the  fmme. 
The  head  of  the  bolt  is  lengthened  with  the  same  shape  above  and 
below  tlie  centre  of  the  bolt,  as  shown  dotted  in  Fig.  1,  so  as  to  fill 
up  the  distance  between  the  adjacent  bolts,  and  thus  the  bolt  heads 
protect  the  entire  vertex  of  the  frame. 

The  bolts  I  are  easily  replaced  if  injured,  and  the  damaged  planka 
D  also ;  but  fur  the  purpose  of  stopping  ujt  a  hole  very  quickly,  and 
indeed  almost  in  a  few  seconds,  the  inside  planks  E  are  employed, 
supported  against  the  pressure  of  the  water  by  the  faces  B  of  the 
frames.  When  a  hole  has  been  made  by  a  shot  in  the  side  of  the 
vessel  comix)sed  of  the  outside  planks  D  and  the  inside  planks  E,  as 
in  Fig.  2,  to  stop  the  hole  it  is  only  necessary  to  i-emuve  the  l»roken 
pieces  E  and  slide  down  two  or  thi-ee  of  the  pieces  above,  which  stop 
the  large  hole ;  and  the  seams  Ijeing  then  caidked  all  round,  the  water- 
is  eflectually  preN  ented  from  entering,  no  matter  how  iri-eguUr  was 
the  hole  made  by  the  shot.  After  the  action,  it  is  a  very  simple  and 
inexi)en8ive  matter  to  replace  the  damaged  outside  planks  D  between 
the  scarfs  K.  In  this  manner  the  parts  which  aie  essential  to  sti-ength, 
namely  the  fmmes,  are  always  free  fix^m  injury  iind  of  very  durable 
material ;  while  the  wooden  part  is  oomix>sed  of  distinct  pieces,  of 
short  length  and  without  ciuvatui-e,  being  therefore  of  little  cost, 
easily  fixed,  and  lusting  a  gi-eater  length  of  time. 

The  axrau^emeut  of  the  iufiide  piocea  F  uot  ouly  causefi  the  dena- 
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tioii  of  the  shot  coming  from  the  opposite  side,  but  also  strengthens 
tlie  frame  between  the  decks,  being  fastened  securely  to  the  frame  by 
the  cotters  G ;  and  if  in  an  extraordmary  case  a  frame  should  be 
broken,  they  afford  the  means  of  quickly  repairing  the  broken  part 
in  a  strong  manner.  Two  screw-jacks  might  be  placed  against  the 
nearest  stanchion,  one  at  its  foot  and  one  at  its  head,  converging 
against  the  two  separated  ends  of  the  broken  frame  just  near  the 
point  of  iiiptui'e,  and  by  the  action  of  the  screw-jacks  the  two  sepa- 
rated parts  of  the  frame  would  be  brought  back  into  contact ;  and 
having  removed  the  broken  inside  piece,  a  new  one  of  the  same  foi"m 
could  be  connected  to  the  broken  frame  with  cotters,  for  which  some 
holes  should  be  pi"epared  beforehand  and  kept  not  filled. 

"With  regard  to  the  resistance  offered  by  this  plan  of  constitiction 
to  the  action  of  a  heavy  sea,  the  bottom  of  the  vessel  up  to  the  line 
of  penetration  of  shot  may  be  made  as  strong  as  possible  with  keelsons 
and  bulkheads,  tfec. ;  above  that  line  the  general  system  is  that  of  a 
series  of  tubes,  of  nearly  rectangular  section,  formed  by  the  sides  of 
the  ship  and  the  decks.  The  transverse  beams  L  carrying  the  decks 
can  be  strongly  rivetted  to  the  frames,  into  which  their  ends  can 
enter  so  as  to  make  one  strong  frame -work ;  and  the  several  frames 
are  kept  at  the  proper  distance  apart  by  the  planks  D  and  E,  and 
also  by  the  longitudinal  stringer-plates  M  rivetted  to  the  angle-ii-on 
of  the  beams  L  and  also  to  the  frames.  The  beams  L  are  also 
suppoi-ted  by  stanchions  in  the  ordinary  manner,  which  thus  give 
greater  ligidity  to  the  structure. 


Mr.  FoTHERGiLL  enquii'ed  whether  any  experiments  had  been 
made  on  the  breaking  or  resisting  power  of  such  frames  as  were 
described  in  the  paper. 

M.  CoXTi  said  he  had  not  had  an  opportunity  yet  of  making  any 
experiments ;  he  had  been  long  giving  much  consideration  to  the 
subject,  and  now  proposed  this  mode  of  accomplishing  the  object. 

Mr.  James  E..  Napier  said  that  M.  Conti  had  applied  to  him  for 
information  on  the  subject  of  the  proposed  construction  for  war 
vessels  ;  but  as  he  had  not  any  personal  experience  of  the  effects  of 
shot  upon  materials,  wliich  was  the  particular  j)oint  considered  in  his 
plan,  he- had  referred  him- te  the  -Institution  for-infonna^tion, .    -  - 
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Mr  Kaikraikn  lueutimiftl  iLhi  at  th«-  A<Iiuiniltv  exp«i-uuenu, 
made  teu  or  twelve  rwii-h  ngo  ut  Woolwich  Ai-xeiial,  ui  which  he  wa* 
present,  the  effect  of  iron  ithot  wum  tried,  tireU  agiiiiutt  wrought  iron 
plates  from  |  inch  to  2  incheti  tliick,  |»oiut-)>Unk  and  at  different 
degrees  of  obliiiuity  ,  tuid  the  curious  fuct  wab  a>>cvrumie4i  tlmt  a  36 
lb*,  shot,  tiretl  at  UKt  yunU  runge  with  u  cluirge  of  5  Uj«.  of  jKjwder, 
went  thix)ugh  a  |  inch  pUte,  leiiviug  a  hole  quite  round  ;  but  with  a 
small  clitirge  of  {Miwder,  the  Kauie  hliot  t4ire  up  the  jointH  of  the  pUtea 
all  i-ouud,  causing  extensive  dumugo  in  a  dinnrtion  that  would  prove 
highly  injurious  to  the  sides  of  an  ii-on  ship.  A  plate  2  inches  thick 
broke  the  shot  to  pieceh,  antl  sometimes  the  plates  were  also  fractured 
by  the  concussion.  From  the  effect  of  sjR'nt  shot  on  iron,  it  was  then 
bupiKtsetl  that  more  injury  wo\ild  Ik?  sustained  by  an  iron  than  a  wood 
ship,  the  iron  l>eing  broken  into  a  great  number  of  pieces,  scattering 
dangeix)us  splintei-s  in  every  dii'ection.  The  4^  inch  plates  used  in 
the  recent  gim-lx>ats  split  the  heavy  shot  all  to  pieces  ;  but  with  the 
gi^eut  witjught  iron  gmi  lately  made  at  Liverpool  even  that  tliickness 
of  plate  had  been  split. 

The  mode  of  construction  projwsed  by  M.  Conti  api>eared  theoreti- 
cally an  ingenious  plan  for  diminishing  the  injury  done  to  ships  by 
shot,  and  might  lead  to  some  imjwrtant  improvements.  He  feared 
tliat  if  a  shot  were  to  come  in  contact  with  one  of  the  l>olts,  the  effect 
might  Vje  to  throw  the  shot  obliquely  aciXMSs  the  deck. 

M.  Conti  i-emarked  that  they  wei-e  always  liable  to  oblique  shot 
over  the  decks,  and  a  vessel  was  always  kept  as  far  as  possible  from 
a  position  exjxjsed  to  receiving  a  Vjroadside. 

The  Chairman  proposed  a  vote  of  thanks  to  M.  Conti  for  his 
paper,  which  was  jiassed. 


The  following  Pajier,  by  Mr.  Roljert  C.  Ross,  of  Glasgow,   wa* 
then  read  : — 
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DESCRIPTION  OF  A  NEW  MACHINE  FOR  CUTTING 
AND  FORGING  FILES. 

The  subject  of  the  present  paper  is  the  application  of  machinery 
to  forging  and  cutting  files.  Amongst  engineers  and  machinists,  files 
as  common  edge  tools  are  about  the  most  expensive  in  the  trade,  first 
fi'om  their  general  and  extensive  use,  and  next  from  the  great  difie- 
rence  of  cost  between  the  finished  tool  and  the  material  from  which 
it  is  manufactured,  arising  from  the  extra  amount  of  labour  required 
to  produce  the  files,  the  greatest  part  of  which  is  expended  on  the 
teething  of  the  files  or  blanks.  It  may  therefore  naturally  be  inferred 
that  machinery  brought  to  bear  on  this  branch  of  manufacture  will 
be  of  considerable  advantage ;  and  accordingly  many  machines  have 
been  constructed  for  this  purpose,  although  hitherto  they  have  not 
been  brought  to  any  really  productive  i*esults. 

The  chief  difficulty  in  the  application  of  machinery  for  file  cutting 
appears  to  have  been  the  want  of  a  proper  modification  of  blow,  suit- 
able to  the  various  depths  of  cut  and  breadths  of  the  file  required ; 
and  also  the  proper  adaptation  of  the  teething  tool,  so  that  it  may  be 
steaidy  in  its  action  in  the  direction  of  the  length  of  the  file,  and  at 
the  same  time  free  to  follow  the  transverse  variations  which  occur 
when  the  tool  is  held  at  an  angle  across  the  taper  part  of  the  file,  or 
any  other  variations  which  may  occur,  the  files  being  often  very  far 
from  level. 

In  the  machine  described  in  the  present  paper,  and  shown  in 
Plates  83  and  84,  as  now  applied  by  the  writer  for  file  cutting,  the 
action  in  hand  cutting  has  been  followed  as  closely  as  possible.  The 
machine  consists  of  a  hammer  for  striking,  mounted  in  a  cast  iron 
frame,  working  in  comiection  with  an  arm  for  holding  the  tool ;  the 
hammer  as  striker  and  the  arm  as  toolholder  are  fixed  in  the  frame- 
work in  the  same  relative  position  as  the  striking  and  holding  arms 
of  a  man  while  in  the  act  of  cutting  a  file  by  hand. 

Fig.  1,  Plate  83,  is  a  side  elevation  of  the  new  machine ;  Fig.  2  is 
a  front  elevation,  and  Fig.  3  a  back  elevation. 

Fig.  4,  Plate  84,  is  a  side  elevation  of  the  princij)al  parts  of  the 
machine  to  a  double  scale,  the  framework  and  handles  in  front  being 
removed  where  necessary.  Fig.  5  is  a  plan  of  the  toolholder  and  tool 
for  cutting  the  teeth,  and  Fig.  6  is  a  transverse  verticai  section  of 
the  same. 
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Th«  Hi'in  or  tuulliol<i0r  A,  Fi^  1  mid  4,  in  Miiii|ieDde(l  in  oentroit  H 
in  tho  fnuiu'work  C,  tlio  ixMitn-s  Iwin^  Hrnin;;e<l  to  work  in  hIoUj  in 
which  thoy  "i^o  u«ljuiitc*tl  by  nioaiiH  of  nrt  Kfn«wii,  in  onl«T  thnt  the 
arm  and  too)  may  l>e  conveniently  adjuitted  to  any  inclination 
ret|uir(Hl.  The  lifting  motion  of  the  urm  iH  inipart«<l  to  it  by  an 
eccentric  Don  tlio  driven  nhafl,  actinjj  u|K)n  a  curvetl  lever  K  lxilt«xl  to 
the  arm  A.  The  hammer  and  lever  F  ai-e  mounU'd  in  tho  franje  C 
on  KUHpenaion  centres  (I,  at  the  neoeKuary  height  above  tlie  arm  A  to 
oorre«|K»nd  with  the  inclination  of  the  chlBel  or  tool,  it  l)eing  necessary 
tliat  the  hanuuer  should  fall  at  the  same  inclination  at  which  the  tool 
is  held.  The  lever  F  is  worked  by  a  vertically  acting  cam  H, 
imparting  to  tho  hammer  the  require<l  rise  and  fall  for  the  blow. 

The  tool  or  chisel  I  i«  fixed  in  a  moveable  round  block  of  iron  J, 
Fig.  5,  into  which  two  double  centres  are  inserted,  the  one  a-nti-e 
resting  in  the  tool  and  toolholder,  ami  the  other  in  the  moveable 
block  and  toolholder ;  the  centres  are  adjusted  by  a  wetlge  or  cotter 
acting  on  a  slip  of  steel  K  tiirniug  on  a  pin  joint,  into  which  one  of 
the  centres  is  in.serted.  The  tool  by  this  means  i.s  kept  steady  in  the 
direction  of  the  length  of  the  file  L ;  and  at  the  same  time  is  allowed 
to  turn  or  rock  on  the  centres,  so  that  it  may  at  all  times  come  fail- 
to  the  face  of  the  tile,  independent  of  all  transverse  iri'egulanties 
that  may  occur  in  the  file  to  be  cut.  These  in-egularities  of  surface 
are  chiefly  felt  at  the  point  of  the  file,  where,  in  consequence  of  the 
oblique  position  of  the  tool  across  the  file,  the  varying  thickness  or 
taper  of  the  file  exjxises  a  varying  surface  in  pro|>ortion  to  the 
horizontal  angle  of  the  tool  aci-oss  the  file  or  the  obliquity  of  the  cut ; 
the  one  side  of  the  tool  being  nearer  the  jwint  of  the  file  than  the 
other,  and  consequently  on  a  thinner  part  of  the  file,  the  difiei-ence 
in  thickness  of  course  increasing  as  the  taper  of  the  file  increases. 
The  arm  A  carrying  the  tool  I  is  brought  down  on  the  file  L  by 
means  of  a  pair  of  springs  M,  one  on  each  side  of  the  machine,  which 
keej)  the  curved  lever  E  constantly  pi-essing  against  the  eccentric  D. 
There  is  also  a  hand  lever  N  on  each  side  of  the  machine,  connected 
to  the  tool  I  by  a  joint  rod  to  which  a  spiml  spring  is  attached, 
which  brings  the  tool  I  and  arm  A  down  on  the  file  L.  anil  at  the 
same  time  commands  the  tool  on  the  turning  centres,  so  a.s  to  bring 
it  at  all  times  fair  to  the  face  of  the  file. 

For  the   )>ur|x>se  of  makinir  the  reverse  oblique  cuts  ou   the  tile 
during  tlie  return  course,  the  tool  I  is  turned  round  in  the  toolholder 
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after  the  first  course,  so  as  to  i-e verse  the  obliquity  of  the  out  to  the 
extent  i-equired,  and  adjusted  firmly  in  the  new  position  by  means  of 
the  cotter  and  jointed  slip  of  steel  K  in  the  toolholder  A,  changing 
the  position  of  the  turning  centres  from  1 — 1  to  2 — 2,  Fig.  5. 

The  modification  of  blow  given  by  the  hammer  is  accomplished 
by  means  of  a  vertical  bar  O,  resting  on  the  top  of  a  spiral  spring  P, 
and  sliding  upon  a  guide  rod  Avhich  rocks  upon  pivots  at  the  bottom 
of  the  machine,  as  seen  in  the  back  elevation.  Fig  3.  The  spring  P 
exerts  its  elastic  force  through  the  sliding  bar  O  on  the  underside  of 
the  lever  F  on  which  the  hammer  is  fixed.  The  sliding  bar  0  is 
shifted  in  front  of  or  behind  the  suspension  centre  G  of  the  lever  F 
by  means  of  the  ci'ank  arm  Q  worked  by  the  hand  lever  R..  The 
elastic  force  of  the  spring  is  thus  made  to  regulate  the  force  of  the 
blow  in  different  degrees  in  proportion  to  the  distance  of  the  point  of 
action  of  the  spring  on  either  side  of  the  suspension  centre  G.  If 
moved  to  the  exti-eme  distance  in  front  of  the  suspension  centre  G, 
as  shown  by  the  dotted  lines  in  Fig.  4,  the  hammer  will  be  com- 
pletely poised  and  prevented  from  striking;  and  if  moved  to  the 
extreme  distance  behind  the  centre,  as  shown  by  the  full  lines  in 
Fig.  4,  the  hammer  will  strike  with  its  greatest  force,  the  recoil  of 
the  spring  P  being  then  added  to  the  force  of  the  hammer  in  falling ; 
at  any  point  between  these  two  extreme  positions  the  effect  of  the 
blow  will  be  proportionate  to  the  distance  at  which  the  spring  acts  in 
front  of  or  behind  the  suspension  centre  G.  By  this  arrangement 
ment  the  force  of  the  blow  struck  by  the  hammer  is  completely 
under  the  control  of  the  person  in  charge  of  the  machine  by  the 
adjustment  of  the  hand  lever  R. 

The  file  L  to  be  cut  is  fixed  by  the  tang  upon  the  cast  iron  block 
S  which  slides  on  a  horizontal  bed  on  the  framework  C  ;  beneath  the 
file  there  is  a  bed  of  lead  or  composition  to  preserve  the  teeth  on 
one  side  from  injury  while  the  other  side  is  being  cut.  The  file  is 
also  held  down  on  the  block  S  by  a  binding  roller  T,  carried  in  a 
frame  sliding  vertically  upon  the  framework  of  the  machine,  and 
pressed  firmly  down  by  a  plate  spring  U,  which  is  held  down  by  a 
pin  inserted  in  a  series  of  holes  in  a  circular  arm  V,  so  as  to  afford 
the  means  of  adjusting  the  pressu.re  ;  the  roller  T  is  thus  made  to 
bear  vnth  unifoi*m  pressure  on  the  surface  of  the  file  close  to  the 
cutting  edge  of  the  tool  I.     The  roller  by  the  pressure  of  the  spring 
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U  I>iiul8  tlio  cAnt  iron  Mcvk  S  U»  tlio  fmmo  of  the  machine,  uml  liko- 
MHHe  the  tile  to  the  lilot'k,  thert'liy  erumrin-;  a  holid  J.l(.w. 

Tho  liiniliiij;  mller  T  uIho  iw«rv<»M  tin*  |tur|»oM>  of  liliiig  afttT  the 
first  cut,  H  proifMN  which  i»  lulujtUHl  in  hand  cutting  to  Kinooth  down 
any  irivguliiritifs  that  may  ariso  ftxun  what  is  termeil  the  tirxt  courue; 
tlie  mller  U'in^  hanl  and  pressoii  lirnily  ilown  ou  tlio  tile  whiUt 
tmvendng  itH  entire  lengtli  oixswerM  the  ulxtve  puri>o<»«  of  tiling  or 
KuiiKithing  in  the  machine,  and  also  saves  time. 

The  feed  mution  between  each  blow  of  tho  hammer  !->  iiii|i!ii  t<  »  to 
the  block  S  carrying  tlu»  tjlo  by  means  of  two  HtamjwrH  W  attached 
to  the  back  end  of  tho  hammer  lever  F ;  by  the  depression  of  this 
end  of  the  lever  tho  stamjiore  oommunicate  motion  by  ineann  of  a 
screw  and  ratchet  wheels  to  tho  block  S  on  which  the  tile  is  tixe«l. 
The  ratchet  wheels  act  in  op|K>sit(>  diix^ctions,  and  the  motion  of  tho 
block  S  is  reversed  at  the  end  of  each  course  by  memis  of  the  handle 
X,  by  which  one  of  the  stainjK'rs  W  is  tlinjwn  out  of  gear  and  the 
otlier  into  gear.  Each  depression  of  the  back  end  of  the  lever  F 
moves  the  ratchet  wheel  one  tooth,  thereby  moving  the  l)lock  S 
through  the  necessary  dist^mce  for  each  cut  to  be  made  in  the  file, 
the  i-atchet  wheels  being  changeable  and  the  number  of  teeth  in  the 
ratchet  being  proportioned  in  each  case  to  the  pitch  of  the  screw  and 
the  number  of  teeth  [>er  inch  required  for  each  particular  kind  of  file. 

By  these  arniugemeuts  the  sepanite  motions  of  the  hammer  F 
ami  tile  block  S  are  carried  on  until  the  tool  I  an-ives  at  the  end  of 
the  tile  L,  when  a  wedge  shaiml  stud  on  the  end  of  tlie  block  S 
comes  in  contact  with  an  adjustable  cun-ed  bar  Y  on  the  hand  lever 
R,  and  pushes  it  out  laterally  so  as  to  libemte  it  fi-om  the  notches  in 
the  guide  Z ;  the  lever  R  immediately  falls,  bringing  the  sliding  bar 
0  in  front  of  the  suspension  centre  G  of  the  hammer,  and  thereby 
stopping  at  once  the  whole  movement  of  the  hammer,  until  another 
file  is  fixed  and  the  lever  R  again  brought  in  gear,  when  the  machine 
comes  into  action  as  before.  The  machine  is  stopped  in  the  same 
manner  at  the  end  of  the  return  course.  At  the  point  of  the  file 
however  the  boy  in  charge  of  the  macliine  generally  relieves  the 
lever  by  liand,  in  onler  to  regulate  the  force  of  the  blow  at  the 
extreme  point  of  the  file,  allowing  the  lever  to  fall  when  the  file  is 
finiahed. 

One  of  these  machines  with  the  attendance  of  a  boy  will  cut 
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about  foui'  dozcB  14  inch  files  per  day,  the  attendance  of  the  boy  costing 
about  Is.  6c?.  The  cost  of  the  same  amount  of  labour  by  hand  is 
from  12s.  to  14s,  according  to  the  kind  of  file,  and  the  time  about 
two  days  and  a  half.  The  files  cut  by  the  machine  have  been  tested 
by  many  parties  and  found  to  be  generally  equal  to  the  best  hand 
cut  files.  These  machines  may  be  seen  in  full  operation  at  Messrs. 
Hetherington's  in  Glasgow,  Avhere  they  have  been  working  for 
upwards  of  six  months. 

It  is  considered  that  this  construction  of  hammer  may  be  adapted 
Avith  advantage  for  general  light  foi-ging,  such  as  files  or  bolts  or  any 
other  light  work  where  active  striking  is  principally  required,  the 
force  of  the  blow  being  regulated  on  the  same  principle  for  forging 
as  for  file  cutting ;  the  lever  for  regulating  the  blow  may  be  brought 
to  any  position  convenient  for  the  workmen  employed  at  the  hammer, 
and  may  be  worked  either  by  foot  or  hand  as  desired.  A  heavy 
hammer  might  be  controlled  by  hand  on  the  same  principle,  and  the 
force  of  the  blow  regulated  according  to  the  natui-e  of  the  work  to 
be  done. 


Mr.  Ross  exhibited  one  of  the  machines,  and  also  a  small  model 
showing  the  application  of  the  principle  to  forging. 

The  Chairman  enquired  whether  there  were  any  of  the  machines 
in  regular  work,  and  what  was  the  finest  cut  of  file  made  with  them. 

Mr.  Ross  replied  that  there  were  now  six  of  the  machines  at 
work,  some  of  which  had  been  working  for  eight  months ;  the  finest 
cut  of  file  yet  made  with  them  was  common-smooth  and  second-cut, 
specimens  of  which  were  exhibited  ;  but  the  machines  were  capable 
of  cutting  finer. 

Mi\  FoTHERGiLL  asked  whether  in  raising  the  tooth  of  the  file  it 
was  necessary,  as  had  been  often  asserted,  to  give  a  certain  back 
action  of  the  hand  in  file  cutting,  which  was  supposed  to  present  an 
insurmountaljle  difficulty  in  attempting  to  apply  machinery  to  the 
purpose. 

Mr.  Ross  had  not  found  such  an  action  necessary,  and  indeed  did 
not  see  how  it  could  possibly  take  place,  as  the  man  could  not  draw 
back  the  tool  while  striking.  It  had  been  often  stated  that  file 
cutting  required  a  peculiar  turn  of  the  hand,  but  it  appeared  to  him 
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Uut  thiB  turu  ouuM  uot  be  giwu  whiUt  Uiv  blow  waa  beui|{  mruek, 
Otherwiiw  thehaiiit  wi>   '  !    !      •     ■        •  ■    •      .      .•  >;'  ,  ,1 

up  by  the  oIlW-l  of  ih«  ^  '« 

the  ohbel  iuippeniMl  to  be  at  the  luuiueut  uf  the  bluw  Ijeiiig  ktnick, 
which  couM  cinueijueatly  Ikj  coritfclly  eflect«««l  by  a  niachuw; 

Mr.  KoTHKHuiLL  wtui  gliiU  to  hejir  that  ex|ihiiiatiun,  aa  the 
BMchanical  0{)enition  of  cutting  tilea  ilid  not  apiM^i  ait  exce|Hioiial 
one,  that  would  not  admit  of  being  repeated  by  luachinerj  like  tjther 
meehanioal  pnxi«iie<i,  if  Kuiuible  means  were  adopted.  Some  yew 
•go  he  liad  lieen  a  machine  near  Manchenter  oonsirucied  fur  the 
purpoee,  but  it  waa  not  quite  aucoeaaful  in  ruiaiug  the  teetli  on  the 
file ;  and  so  much  Jilficulty  wsm  caused  by  the  file  cuttent  iu  SheffieUi 
threatening  to  strike  ami  destroy  any  mHchinery  intnxluoed  intro- 
duced into  the  uhopH  for  cutting  filc8,  tlmt  the  plan  was  nut  prooee*l«.-d 
with  ;  but  he  trusted  all  difficulty  arising  from  such  mistaken  views 
on  the  j>art  of  the  men  was  now  over. 

Mr.  Harvey  had  seen  the  machine  at  work  tliat  had  been 
described,  and  thought  it  a  very  ingenious  arrangement ;  it  did  not 
■eem  quite  perfect  in  respect  to  the  chisel,  as  this  appeared  only  to 
depress  or  cut,  instead  of  raising  a  burr  as  in  hand  work  ;  but  this 
was  merely  a  |x>int  of  detail,  that  would  be  rectified  by  experience, 
and  he  thought  a  properly  shaped  chisel  struck  at  a  sufficient  inclina- 
tion would  produce  the  same  efiect  as  the  hand  chisel. 

Mr.  Ross  thought  it  was  not  possible  to  indent  the  steel  with  a 
chisel  without  raising  a  burr ;  if  the  chisel  were  made  bevel  edged, 
and  struck  the  metal  obliquely,  it  would  necessarily  drive  the 
material  forward,  and  consequently  i-aise  a  burr  ;  and  the  same  effect 
must  be  produced  in  the  machine  as  by  hand,  if  the  chisel  and  blow 
were  in  the  same  relative  direction  in  both  cases. 

Mr.  Neilsok  agreed  that  the  machine  was  very  ingenious,  but  felt 
strongly  of  opinion  that  it  would  uot  be  quite  equal  to  hand  work  in 
throwing  up  the  cut.  There  would  be  a  difficulty  particularly  with 
fine  cut  files  made  by  the  machine,  which  he  thought  would  have 
little  more  than  a  line  or  roove  cut   without   the  nw^^isanry 

burr;  and  he  thought  the  -^  -  of  fine  files  exhibited  were  not 

quite  equal  to  hand  cut  files.  Some  improvement  might  {lerhaps  be 
made  by  an  alteration  in  the  form  of  the  chisel,  and  ooaxve  files 
certainly  presented  less  difficulty  in  the  use  of  machinery. 

Mi'.  Johnstone  Uiought  that  there  was  a  good  burr  shown  iu  the 
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macliine  cut  files  exhibited,  and  that  tlie  work  was  very  satisfactory ; 
it  did  not  appear  to  him  inferior  to  ordinary  hand  cut  files. 

Mr,  Harvey  expected  there  would  be  some  difficulty  in  getting 
so  thin  an  edge  of  chisel  to  stand  in  the  machine  as  was  used  for 
very  fine  hand  cut  files. 

Mr.  McFarlane  thought  that  in  hand  cut  files  there  was  some- 
times a  defect  of  an  opposite  nature,  the  burr  being  left  too  high  so 
that  it  was  weak  and  soon  broke  down,  and  the  machine  would  have 
an  advantage  of  more  certain  and  uniform  regulation  in  this  respect. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr,  Ross,  which 
was  passed,  for  his  paper  and  the  machine  and  specimens  that  he  had 
exhibited. 


The  following  Paper,   by  Mr.  Alexander  Allan,  of  Perth,  was 
then  read  : — 
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DESCRIPTION  OF  AX  IMPROVED   STEAM  BOILER  FOR 
LOC'OMOTIVK  AND  OTIIKI:    KNCINES. 

The  improved  ounHtruction  of  Hteaui  boiler,  t'onning  the  Kubject  of 
the  present  jwpcr,  is  shown  in  Fig8.  I  to  7,  Phit<»  85. 

Fig.  I  is  H  longitiuliuiil  section  of  a  locomotive  engine,  showing  the 
general  arnuigenieut  of  the  boiler  and  firebox,  aiid  the  frame  and  wheeU. 

Fig.  2  is  a  longitudinal  section  of  the  firebox,  to  a  larger  scale. 

Fig.  3  shows  half  a  sectional  [»lau  of  the  firelx>x,  and  half  a  plan 
with  the  outer  shell  of  the  boiler  removed. 

Fig.  4  iH  a  transverse  section  in  front  of  tlie  fii-e  grate,  showing 
the  tube  plate  and  tubes. 

Fig.  5  is  a  transverse  section  tlirough  the  tii"e  grate. 

Fig.  G  is  an  end  elevation. 

TheexterualcasingAof  the  firebox Lacylindricail  in  form, and  ri vetted 
to  the  bari*el  of  the  boiler.  The  back  end  plate  B  is  flanged  i-ound  the 
entii"e  circumfei-euce,  and  inserted  into  the  external  casing  A,  to  which 
it  is  rivetted  with  the  flange  outwaitls.  The  plate  B  has  two  oijeuings  in 
it,  the  upper  one  C  for  firing  the  furnace,  and  the  lower  D  for  regulating 
the  admission  of  air  under  the  furnace  bare,  allowing  access  to  the  ash 
space  for  the  removal  of  a.shes,  and  enabling  the  fireman  to  work  the 
damper,  «fcc.;  these  openings  are  supplied  with  doors  working  on  hinges 
or  sliding  in  grooves.  EE  are  manholes  into  the  interior  of  the  boiler, 
witli  suitable  covere.  F  is  a  i-eceiver  for  the  collection  of  scale  and 
deposit,  antl  is  supplied  with  a  cover  Jind  also  a  screwed  plug  to 
facilitate  the  i-emoval  of  the  deposit.  Plugs  G  ai-e  also  provided  at 
the  end  of  the  boiler  for  allowing  the  deposit  to  be  cleared  out  of  the 
water  space  below  the  grate.  H  is  an  oi>eniug  to  ailmit  air  from  the 
exterior  of  the  boiler,  and  is  supplietl  with  a  hinged  or  sliding 
dami»er,  armnged  to  l>e  worked  fix)m  the  foot  plate. 

The  lii-ebox  1  Ls  cylindrical  for  the  givaier  j«irt  of  its  length,  and 
enlargetl  at  tlie  front  end  to  the  form  of  the  tube  plate  K,  as  shown  in 
Figs.  3  and  4,  so  as  to  form  a  comitustion  chamber  and  at  the  same 
time  admit  of  the  greatest  |)oasible  numl>er  of  tubes.  The  fix>nt  end  of 
the  firebox  may  also  l>e  made  bell-mouthed  to  the  form  of  the  tube 
plate,  as  shown  in  Fig.  7,  but  the  writer  prefers  the  arrangement 
shown  in  Fig.><.  3  and  4.  The  tube  plate  K  and  the  end  fiivlK>x  plate 
I.  Mi"<>  lotli  riiii.^od  ;»inl  livetted  to  the  Hitl>o\.    Tlif  fin^U^v  i-,  m^  inejr 
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held  and  stayed  in  position  by  stays  and  roof  girders.  MM  are 
inverted  bridges  or  water  spaces  rivetted  to  the  cylindrical  portion  of 
the  firebox,  which  has  holes  cut  in  the  roof,  as  shown  in  Fig.  3,  so 
as  to  allow  of  the  admission  of  water  to  the  bridges  M,  and  the  escape 
of  the  steam  generated  in  them.  These  bridges,  besides  adding  to 
the  strength  of  the  firebox  and  giving  additional  heating  surface,  are 
intended  to  mix  up  the  flame  and  smoke  from  the  fresh  fuel  near  the 
fire  door,  and  deflect  it  against  the  red  flre. 

The  fire  bridge  N  is  made  :in  two  portions ;  the  lower  pai't  is  a 
hollow  metallic  bridge,  perforated  with  holes  to  admit  aii',  and  the 
upper  portion  is  made  of  perforated  fire  bricks  or  tiles.  The  air  admitted 
by  the  holes  in  the  lower  part  will  be  heated  in  passing  through  the 
fire  brick,  and  on  entei'ing  the  firebox  comes  in  contact  with  the  smoke 
and  flame  deflected  by  the  water  spaces  M,  upon  which  it  acts  like  a 
series  of  blow  pipes.  The  air  thus  mixing  with  the  flame  in  the 
combustion  chamber  between  the  fire  bridge  N"  and  the  tube  plate  K 
causes  the  unconsumed  gases  to  ignite  before  passing  through  the  tubes, 
A  hinged  door  O  is  provided  at  the  bottom  of  the  fire  bridge,  with  a 
handle  to  work  from  the  foot  plate,  for  the  purpose  of  letting  out  any 
ashes  that  may  be  drawn  over  the  bridge.  P  is  a  hand  lever  for  giving  a 
slight  motion  to  the  fire  bars,  so  that  a  clear  fire  may  be  maintained,  and 
the  deterioration  of  the  bars  by  burning  prevented;  in  locomotives 
the  movement  may  be  given  to  the  fire  bars  by  a  motion  taken  from 
the  axle  or  axle  boxes  of  the  engine,  according  to  convenience. 

The  whole  of  the  boiler  and  fire  box  is  of  wrought  iron,  excepting 
the  tube  plate  K,  which  is  of  copper.  The  size  of  boiler  shown  in 
the  drawings  is  4  feet  outside  diameter,  being  made  cylindrical 
throughout  and  about  the  same  diameter  as  the  width  of  the  outside 
shell  of  an  ordinary  locomotive  firebox.  The  heating  surface  is  about 
the  same  as  in  the  ordinary  boilers  of  the  same  length. 

In  designing  the  boiler  above  described,  the  object  of  the  writer  has 
been  the  combination  of  the  following  advantages : — a  form  and  arrange- 
ment of  boiler  economical  in  construction,  possessing  great  strength 
and  lightness,  occupying  little  space,  and  so  constructed  that  the  parts 
most  liable  to  deterioration  can  be  removed  with  less  labour  and  cost 
than  in  ordinary  boilers  ;  having  also  additional  facilities  for  clearing 
out  the  deposit  and  for  the  consumption  of  smoke.  With  regard  to 
locomotive  boilers,  a  special  object  has  been  to  allow  of  any  disposition  of 
the  wheels,  with  a  view  to  the  best  distribution  of  the  weight;  and  in  the 
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boiler  now  descrilxMl,  thf«  tii\>l>ox  Inking  contaiiiC'<i  witliiii  IJ.' 

aljell  of  th»'  boilor.the  latU-r  axii  Imj  airrieil  fjirtlier  Imck  ou  iL-  .         , 

aiui  the  trailing;  wheeU  chix  U*  yUcvtX  lielow  the  fii-elK)X,  a«  in  Fig.  1. 


The  Chairman  enquired  whether  there  were  any  boilem  at  work 
on  the  cxjnstruction  <leKcriU*«l  in  the  |m|ier. 

Mr.  Allan  saiid  that  there  wei-e  not  any  at  work  at  preeent. 

Mr.  Ramsbottom  a-sked  what  wa«  the  total  area  for  wliuiiiaion  of 
air  into  the  8|Mice  below  the  fire  grate. 

Mr.  Allan  replitnl  that  the  ojK'ning  l.«low  the  tii-e  l.ndge  waa 
16  inches  wide  by  10  inches  lonj;.  besides  the  back  end  door  nearly 
aa  large,  which  gJive  an  ample  area  of  opening  for  the  jjassjige  of  the 
air  through  the  grate.  A  larger  grate  ai-ea  than  usual  was  adopted 
for  the  puiix)se  of  burning  coal,  and  by  the  arrangement  of  the 
furnace  much  of  the  smoke  would  be  consumetl, 

Mr.  Fairbaikn  en«|uired  whether  there  was  not  some  danger  of 
burning  the  portion  of  the  boiler  Wdow  the  ashpan.  where  the  deixjsit 
was  formed,  and  where  tliere  was  only  a  nanow  water  space. 

Mr.  Allan  explained  that  the  boiler  could  be  readily  blown  out 
at  the  receptacle  provided  there,  so  aa  to  prevent  accumulation  of 
deposit  at  that  part ;  and  it  was  not  exposetl  there  to  the  direct  heat 
of  the  fire,  the  ashpan  l»eing  oiK-n  to  the  air.  There  wa.s  less  obstruc- 
tion than  usmil  from  the  stays  around  the  firebox,  as  they  were  7  or  8 
inches  apart  instead  of  \  inches,  in  consequence  of  the  firebox  being 
cylindrical  without  flat  sides. 

Mr.  Fothergill  observed  that  the  fii-ebars  were  placed  trans- 
versely, and  asked  whether  that  arrangement  was  found  as  good  as 
the  ordinary  longitiidinal  ix)sition. 

Mr.  Allan  said  the  firebars  wei-e  shorter  in  length  when  placed 
ti-ansversely  ;  and  the  clinkers  were  pi-evented  from  adhering  to  the 
bars  and  a  clear  fire  constantly  maintained  by  the  vibrating  motion 
gi\en  to  the  bai-s. 

The  Chairman  pi-oj^osed  a  vote  of  thanks  to  Mr.  Allan  for  his 
paper,  which  was  passed,  and  expressed  a  wish  that  he  woidd  give 
the  i-esults  of  the  boiler,  when  a  trial  of  it  had  been  made. 


The  following  Paj^er.   by  Mr.  Walter   Neihion,   of  Glasgow,    was 
then  retul  :  — 
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ON  AN  IMPROVED  LOCOMOTIVE  BOILER. 

The  locomotive  boiler,  from  the  very  high  pressure  at  which  steam 
is  now  used,  has  demanded  much  attention,  in  order  to  obtain  a  form 
of  great  strength  and  safety.  The  parallel  boiler  has  of  late  years 
been  adopted,  as  giving  greater  strength  in  its  form  and  greater 
durability  than  the  raised  firebox  form,  which  latter,  although  made 
sufficient  by  stays,  is  exposed  to  constantly  varying  expansions  and 
strains,  leading  to  leakage  at  the  angles.  The  parallel  form  however 
has  the  objection,  more  paiiiicularly  in  large  engines  where  much 
heating  surface  is  necessary,  that  the  steam  space  is  contracted  or 
limited,  besides  being  much  occupied  by  stays  as  well  as  by  the  steam 
pipe  and  regulator.  The  water  level  is  necessarily  high  in  the  boiler, 
leaving  only  a  small  segment  of  the  circular  ax-ea  for  the  regulation  of 
the  proper  water  line ;  so  that  the  engine  driver  has  veiy  little  varia- 
tion to  work  iipon  between  too  much  water  and  too  little,  the  former 
causing  the  engme  to  j3rime,  and  the  latter  involving  danger  of  bixrning 
the  fii'ebox  or  bursting  the  boiler. 

The  boiler  described  in  the  present  paper,  and  shown  in  Figs.  1, 
2  and  3,  Plate  86,  is  designed  by  the  writer  to  obviate  this  defect ; 
and  for  this  piu'pose  there  is  added  on  the  top  of  the  boiler  a  steam 
chamber  A,  consisting  of  a  portion  of  a  cylinder  of  smaller  diameter 
than  the  barrel  of  the  boiler  B,  the  two  cylinders  being  connected  at 
their  junction  by  a  strong  diaphragm  plate  C,  forming  as  it  were  a 
common  chord  to  the  two  cii'cles  given  by  the  section  of  the  cylinders, 
as  seen  in  Fig.  2.  By  this  construction  a  correct  form  is  obtained, 
the  strength  of  wliich  is  equal  to  the  full  i"esistance  of  the  plates  to 
the  internal  pressure  of  steam.  It  will  be  observed  that  no  angle 
iron  is  used  in  this  construction  of  boiler,  and  that  the  strain  is 
entirely  in  the  direction  of  the  plates. 

In  order  farther  to  provide  against  the  danger  of  explosion  from 
overheating  the  roof  of  the  firebox,  in  consequence  of  the  water  getting 
too  low,  which  the  writer  believes  is  the  cause  of  most  explosions,  the 
firebox  roof  D  is  depressed  in  a  circular  shape.  Fig.  1,  whereby  a 
more  correct  form  of  roof  girder  or  crown  stay  is  obtained,  and  one 
which  is  really  the  strongest  that  can  be  got  to  support  the  weight  or 
pressure  upon  the  roof.  The  t>rdinary  parallel  gu'der  is  not  correct 
in  form,  the  greatest  strain  for  rupture  being  across  the  centre  of  the 
fii'ebox  roof,  where  the  parallel  girder  has  the  least  power  of  resistance. 
In  the  new  plan  of  firebox,  the  circular  shaj)e  of  the  roof  also  gives 
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tlie  plfttes  great6r  jwwer  of  ix?«i>«t«nco,  inde|>en<lently  of  the  roof  girders. 
As  an  additional  pitK-aution,  the  U)\}  row  of  tulieii  in  boniewlmt  mijied 
at  the  aniokeltox  iM»d.  The  it^sult  of  thiH  arningenient  in  tJiat  a  cx)n- 
siderubly  greater  nmgc  of  water  level  in  obtained  with  perfect  safety  ; 
for  in  case  the  water  line  gets  as  low  as  the  top  of  the  firebox,  the 
crown  will  be  perfectly  safe,  and  the  top  row  of  tubes,  at  the  sinoke- 
lx>x  end,  ^^nll  firat  give  way  ;  and  should  the  water  get  lower,  the 
part  of  the  crown  first  exposed  to  be  hcateil  is  the  strongest  jwrtion, 
and  will  stand  safely  till  the  tubes  burn  and  give  warning  of  the 
danger.  It  may  be  objected  to  the  depressed  firebox  crown  that  it 
will  be  more  apt  to  collect  deix>sit  than  the  flat  crown ;  but  the  writer 
does  not  think  thei-o  need  be  much  apprehension  on  this  (xiint,  as 
there  is  a  fi-ee  and  level  communication  across  the  top  of  the  fiix'lx)x 
from  side  to  side.  It  should  be  remarked  however  that  the  locomo- 
tive engine  is  never  worked  to  economy  with  bad  water ;  and  money 
expended  in  obtfliuing  pro|>er  water  is  moi-e  than  compensatetl  for  in 
the  stvving  on  the  engines  and  in  the  safety  of  the  boilei-s. 

Another  improvement  in  the  boiler  now  described  consists  in  an 
arrangement  for  using  coal  instead  of  coke.  In  the  ordinary  firebox 
the  production  of  gaseous  mattei-s  from  the  coal  is  too  rapid  to  obtain 
a  proi)er  combustion ;  dixd  even  if  oxygen  is  supplied  by  the  admis- 
sion of  air  into  the  firebox,  the  veiy  great  variation  of  temperature 
in  the  furnace,  causetl  by  every  fi-esh  supply  of  fuel,  renders  the 
complete  combustion  of  the  gaseous  products  veiy  difficult.  To  get 
over  this  difficulty,  the  back  part  of  the  firebox  under  the  door  is 
lined  with  large  fire  brick  blocks  E,  having  tubular  openings  through 
them  forming  a  communication  between  the  interior  and  exterior  of 
the  firebox ;  in  the  same  manner  a  bridge  F  is  formed  in  front  of  the 
fii-e  with  a  similai-  series  of  tubular  openings  through  it.  The  fire 
brick  blocks  will  become  highly  heated  by  the  action  of  the  fire,  and 
consequently  the  air  drawn  through  them  will  also  be  highly  heated, 
i-eady  for  efiecting  the  combustion  of  the  gases,  the  moment  the  air 
enters  the  furnace  in  the  form  of  jets.  They  also  maintain  a  more 
equal  degree  of  heat  in  the  furnace  at  each  new  supply  of  fuel,  which 
is  of  great  importance.  It  is  not  thought  that  any  difficulty  need  be 
anticipated  in  the  fixing  and  maintaining  of  the  fire  brick  blocks. 

The  above  construction  of  boiler  is  expected  to  afford  a  more 
steady  supply  of  steam,  and  also  to  give  the  engine  driver  better 
opportunity  of  working  the  fire  with  economy  of  fuel. 

o  2 
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Professor  Rankine  said  in  the  unavoidable  absence  of  Mr.  Neilson 
he  had  been  requested  to  give  any  requisite  explanations  respecting 
the  paper.  He  observed  that  the  principal  object  had  been  to  prevent 
the  failitre  of  the  i*oof  of  the  firebox,  as  the  result  of  such  an  accident 
was  very  serious  and  generally  fatal,  whilst  the  failure  of  the  other 
portion  of  the  boiler,  the  tubes,  seldom  caused  more  than  delay.  He 
had  been  struck  with  the  importance  of  the  subject  by  seeing  recently 
the  result  of  the  failui'e  of  a  fii'ebox  with  a  level  top,  where  all  the 
roof  gii'ders  broke  across  the  top,  two  only  of  the  girders  having  been 
notched  at  that  part.  An  exactly  similar  firebox  was  tested  with 
water  pressure,  and  it  was  found  that  470  lbs.  pressure  per  square 
inch  was  required  to  make  the  roof  give  way  in  a  similar  manner, 
being  nearly  five  times  the  working  pressure;  that  pressure  however 
must  have  been  attained  in  the  case  of  the  accident  referred  to.  The 
object  of  the  plan  now  proposed  was  both  to  strengthen  the  roof  by 
giving  it  a  curved  form  and  increasing  the  depth  of  the  girders,  and 
to  protect  it  by  preventing  it  from  being  laid  bare  of  water  ui  the 
centre,  leaving  the  tubes  to  be  first  exposed  when  the  water  got  low. 
He  now  suggested  the  slightly  curving  the  roof  in  a  convex  form 
transversely,  to  give  the  deposit  a  tendency  to  clear  itself  at  the  sides. 

Mr.  Fenton  observed  that  it  was  very  unusual  for  a  failure  of 
the  roof  girdei's  to  occur ;  when  the  roof  of  a  firebox  had  given  way, 
it  had  generally  come  down  in  one  piece,  with  the  roof  girders  entire. 
The  case  that  had  been  referred  to  was  the  only  instance  he  believed 
on  record  of  a  roof  failing  across,  and  in  that  case  there  were  also  no 
stays  from  the  roof  up  to  the  outer  shell.  A  supplementary  steam 
chamber  as  proposed  in  the  paper  might  perhaps  have  some  advantage, 
and  he  remembered  several  being  so  constructed  under  his  supei-in- 
tendence  for  the  Hanoverian  Railway. 

Mr.  Tosh  had  found  great  difficulty  in  preventing  an  injurious 
accumulation  of  sediment  on  flat  roofed  fireboxes,  even  with  l^  inch 
water  spaces  between  the  copper  roof  and  the  roof  bars ;  any  hollow 
form  of  roof  must  increase  the  evil,  and  he  thought  that  such  a  roof 
would  be  found  very  troublesome  in  practice. 

A  vote  of  thanks  was  proposed  and  passed  to  Mr.  Neilson  for  his 
paper. 


The  following  Paper,  by  Mr.  James  Wallace,  Jun.,  of  Glasgow, 
was  then  read  : — 


KTKAIl    UAhU   WHKEL.  2li'J 

DESCRIPTION  OF  A  STKAM   DASH  WHKEL  FOR 
BLEACHING. 

Thf  ulijtvt  o(  the  iui|nx>veuienU  ileKcribcd  iu  tlie  iirvhfut  |<a|>er  ut  Uj 
ivnder  the  ihuili  wheel  more  ext4<nNively  available  nn  n  bleachiug  aud 
cletuiKing  Hgtfitt  fur  textile  fulirii-K  hiuI  uthvv  matorialii  than  it  luw 
hitluM'to  lK«en. 

The  Hteam  diush  whet-l  in  hhowu  iu  Fign.  1  un<l  '2,  Phite  87  ;  Fig.  1 
showH  half  an  elevation  and  half  a  tranKvertJO  itection,  and  Fig.  2  is  a 
luugitudiniil  wotion  of  the  da«h  wht-el. 

The  diush  wh«i'l  A,  which  in  its  genui*al  fcatuivM  i»  coniitnictMl  like 
those  hitherto  in  nse,  in  mounte<l  u|)on  a  hollow  Hhaft  B,  by  whicti  it  iji 
put  in  coniumnication  with  a  steam  pii>e  C.  Steam  is  suiiplied  through 
tlie  hollow  shaft  into  the  several  comimrtments  of  the  wheel  through 
|)ei'forations  iu  the  shaft.  The  intixnluction  of  the  steum  alone  into  the 
dasli  wheel  is  sufficient  to  improve  greatly  the  ordinary  bleaching, 
washing,  and  cleansing  and  '•  jxjsting  "  effect  of  the  wheel ;  but  ^^'ith 
the  farther  introduction  of  licids,  alkalis,  soap,  and  other  bleaching  or 
prepaiing  ingredients,  the  dash  wheel  is  nuide  directly  available  as  an 
excellent  bleaching  apparatus.  The  various  preparations  ai-e  contained 
in  cisterns  placet!  above  the  level  of  the  mnge  of  dash  wheels,  and  a 
pij>e  from  each  cistern  runs  along  the  line  of  wheels,  each  pipe  com- 
municating with  a  bi-auch  pipe  D  leading  to  the  hollow  shaft  B  of  the 
dash  wheel,  the  pijxj  E  immediately  joining  the  hollow  shaft  being  con- 
nected to  it  by  a  stuffing  box  joint.  Each  bmnch  pij>e  D  is  titte«l  with  a 
valve,  in  oitler  that  the  quantity  of  Ciich  ingredient  and  the  time  during 
which  it  is  admitted  into  the  wheel  may  be  easily  regulated.  The  small 
quantity  of  water  i-equii-ed  in  the  process  is  also  introduced  through  the 
same  jiipe  E  from  one  of  the  branch  pij>e8  D.  The  tluids  have  egi-es.s  fix>m 
the  wheel  by  outlets  F  at  or  near  the  circumference,  as  shown  in  Fig.  2, 
the  outlets  being  fitted  with  doore  or  valves  by  means  of  which  they  may 
be  closed  or  opened  at  pleasure.  The  goods  to  be  bleached  are  introduced 
into  the  wheel  in  the  usual  manner  by  doors  G  in  the  face  or  side. 

The  dash  wheel  shown  in  the  engra\'ing8  is  intended  to  be  driven 
by  means  of  a  small  single  indej>endent  steam  engine,  the  i-otaiy  motion 
being  fii-st  imj)arted  to  a  pinion,  in  geax-  with  an  iuteriuiUy  toothed  wheel 
or  rim  H  ujwn  the  back  of  the  dash  wheel.  The  smaller  sixed  tlaah 
wheels  are  driven  by  be \'il  gearing  fi*om  a  shaft.  The  nite  at  which  the 
wheels  are  driven  depends  u|)on  their  size  ;  a  wheel  6  feet  in  diameter 
must  make  about  '2i  revolutions  per  minute,  whilst  10  revolutions  per 
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minute  are  sufficient  for  a  wheel  9  feet  in  diameter ;  in  other  words, 
the  velocity  at  the  circumference  is  in  each  case  about  430  feet  per 
minute.  The  steam  is  introduced  into  the  wheels  at  a  pressure  of 
from  3  to  5  lbs.  per  square  inch  above  the  atmosphere,  and  an  engine 
working  up  to  5  horse  power  will  di'ive  a  9  feet  wheel. 

The  system  of  bleaching  hitherto  in  use  differs  widely  from  the 
process  at  present  under  consideration ;  the  former  is  confined 
exclusively  to  what  may  be  termed  the  quiescent  or  inactive  system, 
the  goods  operated  upon  merely  undergoing  the  change  of  a  removal 
from  one  steeping  process  to  another,  with  little  or  no  agitation 
beyond  that  due  to  the  boiling  action.  In  the  new  process  the  fabrics 
to  be  bleached  are  at  once  placed  in  the  rotating  wheel,  the  chemical 
agents  are  introduced  into  the  wheel,  and  the  steam  is  turned  on. 
During  the  rotation  of  the  wheel  the  goods  are  subjected  to  a  motion 
which  is  continually  effecting  a  series  of  changes  in  their  position 
and  greatly  accelerates  the  cleansing  action. 

Various  classes  of  goods  may  be  thus  treated,  from  the  heaviest 
description  of  cotton  or  flax  manufactures  to  the  most  fragUe  laces, 
without  the  slightest  injury  to  the  fabric.  Perhaps  what  are  termed 
sewed  muslins  or  embroidered  goods  are  the  most  difficult  to  bleach, 
from  the  almost  indelible  character  of  the  ink,  grease,  and  other 
extraneous  matter,  imbibed  in  the  process  of  manufacturing,  in  con- 
nection with  the  delicate  nature  of  the  material.  The  writer  as  a 
manufacturer  and  bleacher  of  these  goods  has  had  ample  opportunity 
of  fiilly  testing  this  invention,  which  he  has  exclusively  adopted  for 
the  last  eighteen  months.  One  of  the  most  extensive  bleaching  fii-ms 
of  this  class  of  goods  in  Scotland,  Messrs.  Cochrane  and  Armour,  of 
Neilston,  have  also  discarded  their  old  process  and  adopted  the  new 
one.  By  the  old  system  sewed  muslins  take  thirty  days  on  an  average 
before  they  are  returned  by  the  bleacher,  whilst  with  the  new  process 
they  can  be  regularly  finished  in  three  days ;  and  besides  this  great 
saving  of,  time,  there  is  also  a  great  advantage  from  the  fact  that  as 
much  as  50  per  cent,  less  of  chemicals,  soap,  fuel,  and  labour  is 
required  with  the  steam  dash  wheel.  For  linens  this  invention  is 
invaluable,  as  it  has  been  proved  beyond  doubt  that  the  heavy  linens 
and  damasks  made  in  the  north  of  Scotland  and  Ireland  can  be  bleached 
in  one  twelfth  of  thq  time  and  at  considerably  less  expense  by  the 
dash  wheel,  whilst  none   of  the  large  tracts  of  ground  at  present 
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occupied  for  gnus  bleaching  will  in  future  be  required  for  thi*  imrfiutie, 
but  amy  bo  all  Uikcn  up  for  ji^ricultunil  uneii.  Calicoos  are  bK'afli«xi  by 
thia  process  at  Measi-M.  Oriuoro<l  mul  C'o.'h  worka,  near  Maiiclieater,  ui 
six  hours ;  whereaM  by  the  old  prooftw  the  tiim?  itxjuireil  to  bleuch 
these  goods  is  nearly  its  ninny  days.  The  steam  dash  wheel  may  in 
fact  bo  said  to  contain  in  itaulf  a  complete  bleachwork. 

The  steAm  dash  wheel  is  also  of  great  ailvantago  to  |*ai)er  umken, 
M  an  apparatus  for  removing  the  dirt  and  colour  from  the  rags. 
Cotton  waste  after  having  been  used  by  engineei"8  has  Ijeen  cleansed 
and  whitened  and  made  fit  for  use  again  in  less  than  four  hours.  As 
a  washing  apparatus  for  clothes,  it  has  many  advantages,  as  a  single 
wheel  will  do  the  work  of  200  washerwomen. 


Mr.  FoTHEROiLL  Said  he  was  much  interested  with  the  subject  of 
the  paper,  and  felt  satistied  the  invention  would  prove  of  very  great 
value  to  the  bleaching  tmde  of  Scotland  and  Lancashire  from  the 
remai'kable  expedition  and  economy  of  the  process.  It  might  also  be 
made  a  gi-eat  advantage  to  the  public  baths  and  wash-houses,  in 
reducing  the  cost  of  washing.  The  application  of  the  process  to  the 
cotton  waste  vised  for  cleaning  locomotive  engines  might,  he  thought, 
probably  be  made  with  advantage  ;  the  waste  now  cost  the  i-ailway 
companies  many  thousand  pounds  annually,  and  a  great  saving  might 
be  effected  if  it  could  be  economically  cleaned  for  repeated  use. 

Mr.  Scott  Russell  thought  the  iuiproved  process  that  had  been 
described  was  one  of  great  interest  and  value,  and  might  pix>bably  be 
extended  to  many  useful  purix)ses.  He  i-emarked  that  advantage  would 
be  likely  to  arise  from  the  meetings  of  the  Institution  being  held  in 
various  places,  as  many  imiwrtant  applications  might  l>e  suggested  of 
improvements  and  inventions,  in  consequence  of  the  meeting  together 
of  i^ereons  engaged  in  different  local  objects,  who  would  not  other- 
wise have  the  opportunity  of  communicating  with  one  another. 

A  vote  of  thanks  was  proposed  and  passed  to  Mr.  Wallace  for  his 
pajier. 


The  following  Pajier,  by  Mr.  William   (.iorman,  of  Glasgow,  waa 
then  i-ead  : — 
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DESCRIPTION  OF  AN  IMPROVED  WATER  METER. 

To  produce  a  macliine  capable  of  measuring  water  under  pressure, 
and  otherwise  suitable  for  general  use,  it  is  necessary  that  certain 
conditions  inseparable  from  this  ponderable  and  practically  non-elastic 
fluid  should  be  complied  with. 

Accuracy  in  measurement  is  very  properly  the  first  object  to  be 
attained,  and  the  machine  must  be  accurate  not  only  when  newly  made, 
but  must  be  pei^manently  so,  in  order  to  be  ti'ustworthy.  The  meter 
must  also  deliver  the  water  undiminished  in  pressure  as  far  as  possible, 
whatever  force  is  necessary  to  pass  the  water  through  the  meter  being 
lost  in  the  pressure  of  the  discharge.  Thus  with  a  head  of  water  50 
feet  high,  if  it  takes  a  head  of  25  feet  to  work  the  meter,  the  water 
delivered  can  be  supplied  only  25  feet  high ;  and  such  a  meter  should 
be  considered  only  half  as  efficient  as  one  that  delivers  the  water  to 
the  full  height  from  which  it  is  supplied. 

It  is  also  necessary  that  machines  moved  by  water  should  work  as 
smoothly  and  uniformly  as  possible,  and  that  the  current  of  water  in 
the  supply  pipes  should  in  no  case  be  suddenly  checked,  since  this  is 
not  only  detrimental  to  the  machine  itself,  but  affects  all  the  water 
works  in  the  neighbourhood.  It  is  farther  desirable  that  a  meter  should 
be  capable  of  joassing  as  bulky  matter  as  possible ;  for  however  care- 
fully the  water  may  be  filtered,  a  great  deal  of  debris  collects  from  the 
interior  of  the  pipes,  and  workmen  sometimes  allow  rope  yarn  to  get 
into  the  pipes  in  making  a  joint.  Meters  have  been  found  stopped  by 
pieces  of  lead  which  had  been  left  in  the  pipes  when  undergoing  repairs. 

Another  very  desirable  object  is  that  the  measuring  apparatus  of 
the  meter  should  at  all  times  be  propelled  by  the  water,  and  that  no 
springs  or  weights  should  be  depended  upon  for  continuing  the  action, 
as  the  least  derangement  of  the  works  impedes  their  action  and  the 
water  is  then  allowed  to  pass  without  propelling  the  meter.  When 
this  takes  place  there  is  no  chance  of  the  meter  starting  again,  as 
water  will  pass  by  the  most  free  course ;  whereas  when  a  meter  is  so 
constructed  that  no  water  can  pass  without  acting  on  the  machinery, 
the  force  of  the  water  is  always  present,  and  no  ordinary  obstruction 
will  prevent  registration  when  water  is  being  drawn  off. 

The  meter  that  forms  the  subject  of  the  present  paper  is  thought 
by  the  writer  to  include  most  of  the  above  requirements.     It  is  shown 
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in  Figt.  1  and  2,  Plttt«  86  ;  Pig.  1  in  a  M^ctioiuil  plan  inrert«<l,  and 
Pip.  2  a  Vfrtioal  B«<otion. 

Th<<  uift4M-  i>oiiKiKtM  of  a  caaing  A,  containing  a  vane  whc«I  13 
driven  raund  by  the  water,  which  in  aduiitl4«d  at  the  circumference  of 
the  whtH^I  in  a  dinytion  tangiMitiuI  to  the  i-ircle  dftjcrib***!  \>r  the  vanea, 
and  drawn  off  from  the  centre.  The  oi»ening8  for  tlie  KuiJply  of  the 
water  an*  regulated  by  ludf-acting  loado«l  valves  C,  which  contract  the 
oriiicea  when  the  6ow  in  small,  o|)eniMg  at  all  timea  only  to  an  extent 
projK)rtioned  to  tlie  tjuuntity  of  water  piUiNing  through,  thiu*  prevent- 
ing the  stream  from  Ix-coniing  too  feeble  on  account  of  its  small 
velocity  to  move  the  vane  wheel. 

The  vane  wheel  B  acta  in  the  same  manner  as  a  light  )>ody,  free 
to  move,  introduced  into  a  pipe  contsiining  water.  If  the  floating 
substance  did  not  come  into  contact  with  the  inside  of  the  pi]*,  it 
would  move  just  as  fast  and  as  far  as  the  water  in  the  pijie.  The 
sectional  area  of  the  j)ij>e  being  known,  the  quantity  of  water  can  be 
determinetl  by  the  tlistance  the  floating  substiince  has  move<l  in  the 
pipe.  Similarly  in  the  pi-esent  case,  the  quantity  of  water  ijasbLng 
through  the  meter  is  measm-ed  by  the  velocity  of  revolution  of  the  vane 
wheel  B,  the  sectional  area  of  the  inlet  or  outlet  \n\te  being  known. 

The  meter  above  described  is  accurate  in  measurement  under  all 
circumstances  which  occur  in  practice,  and  as  the  measuring  chamber 
and  apparatus  are  not  subject  to  wear,  its  accuracy  must  be  j»ermanent. 
Whatever  pressure  of  water  is  supplied  can  also  l>e  nearly  obtained 
after  the  water  has  Ijeen  measured.  The  meter  works  smoothly  and 
unifoimly,  and  moves  with  equal  power  through  every  part  of  ita 
revolution,  as  there  are  no  dead  points  ;  and  the  water  is  delivered  in 
a  smooth  uninterrupted  sti*eam.  All  the  working  parts  are  fi-ee  from 
each  other,  none  of  them  requiring  to  be  in  contact.  The  vane  wheel 
may  be  kejjt  as  free  from  the  case  as  is  desii-able,  since  the  measure- 
ment does  not  depend  on  the  size  of  the  wheel,  but  on  the  capacity  of 
the  measuring  chamber  and  the  velocity  of  revolution  of  the  wheel. 

This  meter  waa  fii-st  experimented  on  when  the  Gorbal's  Gravita- 
tion (-'ouj|>a:iy  otiei-ed  h  pi-euiium  for  a  water  meter  to  work  umler 
pressure ;  and  although  the  machinery  was  very  imperfect,  tlie  reaulta 
obtaine«l  were  amply  Hutiicient  to  establish  the  accuracy  of  ita  action. 
The  meter  was  tested  under  pita»sures  i-anging  from  upwards  of  200 
feet  head  to  less  than  an  inch,  the  flow  of  water  being  reduced  to  f 
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gallon  per  minute.  The  meter  was  correct  at  all  important  rtins,  and 
even  when  the  smallest  quantities  were  being  drawn  off  the  variation 
in  measurement  did  not  exceed  2^  per  cent. 

In  the  meter  with  which  the  experiments  were  made,  the  regula- 
ting valves  were  not  properly  jjlaced  in  relation  to  the  vane  wheel, 
and  consequently  the  registration  was  deficient  when  minute  quanti- 
ties of  water  were  passing  through  the  meter.  This  objection  has 
been  completely  obviated  in  subsequent  meters,  and  there  is  now  no 
difiiculty  in  regulating  the  flow  of  the  water  by  means  of  the  adjusting 
screws  and  weights  of  the  regulating  valves,  so  as  to  render  the 
indications  correct  vmder  all  pressures. 

With  reference  to  durability  it  may  be  stated  that  these  meters 
have  been  going  regularly  in  Glasgow  for  upwards  of  four  years  ;  and 
they  have  never  had  to  be  returned  except  in  one  instance,  where  the 
case  was  too  small,  and  consequently  got  choked  with  debris.  Although 
the  meter  went  for  more  than  the  time  guaranteed,  still  as  the  case 
was  too  small  it  was  exchanged. 

It  has  been  thought  that  the  quick  going  wheel  in  this  meter  would 
wear  the  soonest ;  but  on  the  contrary  it  has  several  times  been  found 
m  practice  that  the  teeth  of  the  slow  moving  wheels  have  been  stripped 
in  consequence  of  the  spindle  which  carries  the  indication  through 
the  meter  case  to  the  outside  getting  jammed,  when  the  fast  moving 
wheels  which  did  the  damage  were  not  perceptibly  worn. 

Except  in  the  cases  refeiTed  to,  the  writer  has  had  no  personal 
experience  of  the  practical  working  of  these  meters ;  they  are  all 
tested  before  being  sent  away,  and  he  has  never  heard  of  any  being 
found  to  vary  in  theii*  indication  or  get  worn  out. 


Mr.  Gorman  exhibited  a  specimen  of  the  meter  in  operation,  with 
a  glass  cover  to  the  case  so  as  to  show  the  action  of  the  meter  in 
working.  . 

Professor  Rankine  had  lately  tried  some  experiments  on  the  meter 
that  had  been  described,  which  were  not  quite  completed,  but  the 
result  so  far  was  satisfactory.  Two  quantities  of  100  gallons  each 
had  been  passed  through  at  the  rate  of  7  gallons  per  minute,  and  the 
meter  was  found  to  register  in  one  instance  99  and  in  the  other  99|^ 
gallons,  or  from  |  to  1  per  cent,  in  defect ;  and  again  20  gallons  had 
been  tried  at  the  average  rate  of  only  2  gallons  per  minute,  when  the 
meter  was  found  equally  accurate.     The  water  was  measured  in  a  ten 
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gallon  N'cawl,  which  woul<i  U*  moii>  Aoctintte  Uuiu  a  om*  galluii  inoMiuru 

for  the  t  -        '       :it«. 

Mr.  >  '  iiiiil  |uiitl  iiiiuii  utU*iitiou  Ui  wator  mcU'nt  for  u  luti^ 

tiiue,  iu  eit(leii%'uiiiiug  tu  oltUiii  u  siitiMfiictory  cotuitructioii .  Tlio  great 
varioty  of  im«tci-h  might  U*  all  clautsetl  eitlicr  iw  iiu|iHct  or  ruactioii 
iiit>t«ni,  metuiuring  hy  the  velm-ity  of  tlio  cunviit,  or  tut  <liA|ihnigm  or 
piiitou  luuterN,  uutuiuriiig  hy  m|iitoity.  Thi*  meter  thut  luui  Ikhmi  ilo- 
seribeii  in  the  |ia|ier  belougiMl  to  the  foi-m<*r  cI&hh,  which  ho  coiuiith'reil 
the  moiv  uccunito  ill  |»riiuij»le.    From  hiH  own  >  '    !levetl 

that  pihtoii  met<MN  weir  liiiltic  to  |klsh  even  in.  it^in- 

tratioii  tlian  the  other  cIhjvs,  after  having  lioen  in  tiac  for  a  length  of 
time,  lis  it  wjis  im|»o8Kible  to  keep  the  valves  all  in  such  i>erfect  order 
tliat  they  woiiUl  prevent  Iorh  of  water  ami  still  not  iinpeile  die  action 
of  tlie  meter  by  causing  too  much  friction.  He  »li«l  not  tliiiik  the 
meter  that  had  been  ilescrilied  differed  much  in  principle  from  othera 
that  liail  betMi  trieil  and  not  found  satiafiictory.  Tlie  only  complete 
trial  of  a  meter  to  test  it  thoroughly  waa  to  let  it  work  for  a  consider- 
able length  of  time  where  the  water  was  impure ;  and  under  such 
circumstances  he  thought  the  present  meter  would  \je  found  to  choke 
with  calcareoiLs  dejMSsit,  which  would  ol^truct  the  workiiijL;.  In  his 
own  exi>erience  he  ha^l  had  to  i-emove  all  the  wheel  work  luid  spindles 
fixim  the  action  of  the  water,  and  place  them  in  a  sejiarate  chamber 
effectually  protecte<l  from  the  water.  The  exi^eriments  should  also  K»e 
varietl  between  the  extremes  of  pressure  and  velocity  of  dLscliarge, 
from  a  head  of  liOO  feet  down  to  a  few  inches  pi-essure  only,  and  from 
running  full  bore  to  the  smallest  stream  such  as  was  produced  bj  the 
mere  leakage  of  a  cock.  Many  metei-s  that  were  con«ct  under  onli- 
narv  cii-cumstances  were  found  to  fail  under  the  extreme  cases  to 
which  they  were  liable  to  be  ex)X)6ed  in  actual  work. 

Professor  Raxkine  said  that  in  the  experiments  he  had  tried,  the 
velocity  of  dischai-ge  was  viuied  as  much  as  10  to  1,  by  jwrtially 
closing  the  cock,  in  oi-der  to  test  the  accuracy  of  measui^ment,  and  it 
was  found  to  be  still  correct ;  there  had  not  been  however  any 
opportunity  of  tiyiiig  tlie  effect  of  variiitioius  of  pi-essnre. 

Mr.  GoKMAN  obsenetl  that  all  meten>  which  measured  by  the 
velocity  of  a  cmrent  would  )je  foimd  to  indicate  in  excess  at  high 
velocities,  or  lose  at  small  runs.  He  had  ajiplied  the  regulating  valves 
in  the  present  meter  to  ob>'iatc'  this  objection,  by  tlimini-'  •  •'•  ana 
of  the  flow  juul  thereby  iuci-ea&ing  its  foive  when  dLs<        .     .    voi \ 

H  -J. 
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slowly,  and  he  considei^ed  they  answered  the  purpose  eftectually.  With 
regard  to  placing  the  wheel  work  entirely  out  of  the  water,  he  had  not 
experienced  any  difficulty  in  Glasgow,  whei'e  the  water  was  not  so 
clean  as  in.  many  other  places,  and  he  did  not  think  any  objection  was 
to  be  appi'ehended  from  that  cause.  The  only  accidents  that  had 
occurred  were  from  the  spindle  which  passed  outside  the  meter  getting 
retarded,  when  it  was  invariably  found  that  although  the  teeth  were 
stripped  off  the  slow  moving  wheels  the  teeth  of  the  quick  moving 
wheels  were  not  perceptibly  worn,  pointing  to  the  great  advantage  of 
doing  work  at  high  speeds. 

Mr.  Ramsbottom  enquired  what  was  the  slowest  rate  of  discharge 
that  had  been  measured  with  the  meter. 

Mr.  Gorman  replied  that  the  smallest  discharge  experimented 
upon  was  J  pint  per  minute,  and  the  error  in  measurement  was  then 
only  I  gallon  in  100  gallons,  or  ^  per  cent.  There  might  possibly  be 
an  error  in  testing  by  filling  the  10  gallon  measure,  but  tliis  could  be 
only  very  small  in  amount. 

Mr.  FoTHERGiLL  sviggested  that  the  wheelwork  might  be  separated 
by  a  shaft  or  spindle  passing  into  a  separate  chamber,  so  as  to  prevent 
all  risk  of  corrosion  or  incrustation. 

Mr.  Gorman  said  the  wheelwork  had  been  placed  outside  the  meter 
at  first,  in  a  separate  chamber,  but  was  now  put  inside,  because  that 
constrilction  was  found  more  convenient,  and  he  did  not  apprehend 
any  serious  objection  to  it  in  practice. 

Mr.  Scott  observed  that  the  cost  of  meters  was  an  important  ques- 
tion, as  there  was  no  difficulty  now  in  obtaining  meters  for  measuring 
a  large  supply  with  sufficient  accuracy ;  but  the  difficulty  was  to  bring 
meters  into  use  for  a  small  supply,  where  the  meters  became  too 
expensive  in  proportion  to  the  quantity  of  water  consumed.  Gas 
meters  seldom  cost  so  much  as  the  gas  passed  through  them  in  one 
year ;  but  the  cost  of  a  water  meter  was  five  times  that  of  the  annual 
supply  of  water,  which  was  more  than  could  be  afibrded  ordinarily. 

Mr.  Neilson  agreed  that  a  great  element  in  meters  was  a  low  cost, 
and  there  was  no  doiibt  that  if  the  water  were  only  5s.  or  10s.  rental  per 
annum  a  price  of  £2  or  £3  could  not  be  paid  for  a  meter  to  measure  that 
quantity  of  water,  as  it  would  amount  to  6  or  8  years' rental  of  the  water. 

Mr.  Siemens  observed  that  there  had  not  yet  been  any  demand  for 
meters  for  small  households,  which  would  probably  be  better  charged  as 
at  present  by  an  average  amount  according  to  the  size  of  house ;  for  the 
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iutal  (|uautity  uf  wutur  umchI  in  hucIi  cases  wujM  l>ut  u  huiuU  )nx>|>urtiou  uf 
the  whole,  and  it  did  not  sei-ni  a  l      '      '  '      •     '  '    ...ter 

in  the  luwtT  cliuiM  uf  liuuiWK     Tin-     i  o«t 

about  45*,,  and  were  of  a  hize  suitahlo  for  large  hoiuieholdeni  |taying 
about  the  utnie  amount  of  wat(>r  rent  |>er  annum. 

A  vote  of  thanks  waa  |>ro|>o8ed  and  passtsl  to  Mr.  Gorman  for  hi« 
paper  and  tlie  working  moilul  of  the  meter  that  was  exhibited. 


The  Chairman  moved  a  si>ecial  vote  of  thaiika  to  the  Local  Com- 
mittee for  their  great  exertions  and  the  excellent  arrangementii  made 
by  them  for  the  meeting  of  the  Institution,  and  the  very  spirited  and 
hospitable  reception  they  had  given  to  the  Meml)er8.  They  liad 
received  maaiy  valuable  and  interesting  communications,  and  the 
meeting  had  proved  entirely  successful ;  and  he  looked  forward  with 
great  pleasure  to  meeting  again  in  the  s<ime  place. 

Professor  Raxki.ne,  as  Chairman  of  the  Local  Committee,  acknow- 
ledged the  vote  of  thanks,  and  said  that  the  announcement  of  the 
intention  of  the  Institution  to  visit  Glasgow  again  was  a  source  of 
gi-eat  gi-atitication  to  them,  and  that  they  felt  tliat  the  success  of  theii- 
endeavoui-s  was  the  best  i-ewaixl  they  could  receive. 

He  then  moved  a  vote  of  tlianks  to  the  Pi-esident,  which  was  passeil. 


The  Meeting  then  terminated ;  and  after  the  meeting,  Boucherie's 
Mode  of  Presei-ving  Timber  was  exhibited  by  Mr.  John  Reid,  Jub., 
in  ojiemtion  in  adjoining  premises. 

A  large  number  of  machines  and  models  were  also  exhibited  after 
each  of  the  Meetings. 

In  the  evening  a  large  party  of  tlie  Membei-s  and  their  friends  dined 
together  in  celebration  of  tlie  Hi-st  Me.tingof  the  Institution  in  GlasjAjw 


On  the  following  day  the  Members  were  invited  by  the  Local 
Committee  aud  their  friends  to  a  day's  excursion  down  the  C'lvde  and 
to  the  adjacent  Lochs  in  a  sjjecial  steamei-. 
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PROCKEDINGS. 

.SuVEMBKE  6.  1856. 


The  Ubnkkal  Mebtisg  of  the  Membcn  wm  held  at  the  kouae 
of  the  Iiutiiutioii.  Newhall  Street,  Binuin>;ham,  on  Wedtiesday,  5th 
November,  ls56;  Sampson   Lloyd,  Ks<j  ,  in  the  Chair. 

The  Secbetaby  rt^  the  Miiiutcii  of  the  but  Mertiog,  held  in 
tilaspiw,  which  were  confinned. 

The  CiiJilKMAN  annouueed  that  according  to  the  rules  of  the  Insti- 
tution, the  Pn*sident,  Vice-Presidents,  and  five  of  the  Council  in  rotation 
would  go  out  of  ofliiv  in  the  ensuing  year ;  and  that  at  the  pr««ent 
Meeting  the  Council  and  Officers  were  to  be  nominated  for  the  election  at 
the  next  Annual   Meeting. 

The  following  list  of  Members  was  adopted  by  the  Meeting  for  the 
electioD  at  the  Annual  Meeting. 

PRESIDENT. 

Joseph  Wuitworth,  Manchester. 

▼  ICE-PBESIDENTS. 
CSi*  of  tkt  nmmber  to  he  elecUd.) 
Sami'el  H.  Blackwell,  Dudley. 
William  Faikbaibn,  Manchester. 
James  Fbnton,  Bradford. 
Benjamin  Futuekgill,  Manchester. 
Sampson  Lloyd,  Weduesbur)'. 
Hen  BY  MaL'dslat,  Ix>ndon. 
James  E.  McConnell^  WoUerton 
John  Bamsbottom.  Mancbeater. 

1  t 
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COUNCIL. 

(Five  of  the  nmnher  to  be  elected.) 
Alexander  Allan,  Perth. 
Edward  A.  Cowpeb,  London. 
"VVilliaji  G.  Ckaig,"*  Manchester. 
James  Fenton,  Bradford. 
John  Fernie,  Derby. 
William  Mathews,  Dudley. 
C.  William  Siemens,  London. 
Henry  Woodhouse,  Stafl'oi-d. 


The  Chairman  anuouna'd  that  the  Ballot 
the  Committee  appointed  for  that  purpose, 
Members  were  duly  elected : — 

members. 

John  Anderson, 
Isaac  Blackburn, 
Alexander  Chaplin, 
Edgar  Gilkes,     . 
Thomas  Hunt, 
Jabez  James, 
Frederick  Levick, 
John  j\Li-CKAY, 
Kobert  Napier, 
Francis  Preston, 
Charles  Eeeves, 
JosiAH  Eichards, 


Lists  had  been  opened  by 
and    the   foUowinij;    New 


Woolwich. 

Long  Eaton. 

Glasgow. 

Middlesboro'. 

Crewe. 

Loudon, 

Blaina. 

Drogheda. 

Glasgow. 

Manchester. 

Biriuingham. 

Ebbw  Vale. 


honorary  member. 
John  Marshall,      .         .         .         Bradford. 


The   following   Paper,   by   ]\Ir.    Ebenezer  Sogers,  of  Abercarn,  was 
then  read : — 
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1)KS(  KIITION     OP     TIIK     VKNTII.ATINU      KAN   A I      IIIK 
AHKIU'AUN    aiLLlKUlW. 

Thr  mcjilp  of  vrnv'  ''   • "  -•  "v  uteJ  in  the  eoUieriM  of 

(lu^  (>>iui(ry  i«  tbr  <  the  rr^uinrtl  eumeiit  of 

Nir  (hruugb  the  miii«  w  Dinintaineil  by  the  mrfiielKm  of  Um  column  of  air 

ill  the  aHtriuIiiiu'  »litin    liy  llicjiua  of  ■  Ui.  1*^  COtWtaii''     '  ' 

llic  U>(ttiiti  III'  tlir    fthat't        In  Uclgium    :>  <-,  OR   thr 

plan  i«  aliuoKt  »u|ier»mlnl  by  the  um  of  machinery  to  maintain  the  eurrent 
of  air;  as  tbf  fumac*  vciitilatioit,  althou-^b  |KM*e«siiij;  the  im|iorlant 
a«l\»!(«'"-  •''■  LTral  aiuiplirity  luul  fiveJom  from  liability  to  derangement 
ft\  in  .  cauiKr»,  has  sume  serioujt  objectiotu  anil  deficiencirt.  and  in 

•ome  ciuet  bf-i\>mes  m  imperfect  a  proviaion  for  ventiUition  as  to  render 
a  better  system  highly  desirdble  and  even  necessary. 

The  author  of  tlie  pre^ient  paper,  having  occasion  to  ventilate  the  work- 
ings in  some  extensive  and  very  fiery  coal  seams  recently  won  at  Abercam 
UI  South  Wales,  under  oin-unistanifs  where  the  funia*' 
not  be  Applied,  after  itirefuily  <"ollec'tinj{  every  acoe*sil)l 
the  \-entihiliu^  luuchines  used  in  Cireat  Britain  and  on  the  Continent,  came 
to  the  conclusion  that  a  plan  of  umchiDe  propo;<etl  for  the  purpose  some 
\  van  since  by  Mr.  Jumes  Na!$;uyth  would  be  the  most  suitable  and  effective. 
After  consultation  with  Mr.  Nasmyth,  it  was  resolved  to  te^t  the  priuciplc 
and  phm  by  actual  practice;  and  the  ventilating  fan  described  in  the  preaent 
iwi*er  was  made  at  Patricroft  Ijy  Mr.  Nusmyth,  and  is  erected  and  now 
working  at  the  Aben-am  Collieries. 

The  general  airanganents  of  the  top  <^  the  shaft  ami  the  ventilating 
fan  are  diown  in  Figa.  1  to  4,  Pbites  88  and  89 ;  Figs.  1.  i,  aud  3  are 
vertical  sections,  showing  the  air  valves  ut  the  mouth  of  the  pit,  aiul  the 
[uissagr  connecting  tlie  fan  with  the  pit ;  Fig.  i  is  a  •ectional  phiu  uf  the 
pit  aiul  fan. 

Fig  5.  Phtte  yo,  is  a  aide  elevation  of  the  fan  and  engiite,  to  a  Inrtjer 
scale  ;  and  Fig.  6  a  vertical  section  of  the  fan. 

The  fan  A.\,  Fig.   6.  is  \'i\  feet  diameter,  wit' 
6  iuchi-s  wide  and  d  fret  long.      It  i^  ti\r«l  on  a  h 
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7  inches  in  length  from  centre  to  centre  of  the  bearings,  which  are  9  niches 
long  by  4.V  inches  diameter.  The  vanes  are  of  thin  plate  iron,  and  carried 
by  forked  wrought  iron  arms  secured  to  a  centre  disc  C  lixed  upon  the 
shaft  B.  The  fan  works  within  a  casing  DD  consisting  of  two  fixed  sides , 
of  thin  wrought  plate,  entirely  open  round  the  circumference  and  connected 
togetlier  by  stay  rods ;  the  sides  are  3  inches  clear  from  the  edges  of  the 
vanes,  and  have  a  circular  opening  6  feet  diameter  in  the  centre  of  each, 
from  which  rectangular  wrought  iron  tmnks  EE  are  carried  down  for  the 
entrance  of  the  air,  the  bearings  for  the  fan  shaft  B  being  fixed  iu  the  outer 
sides  of  these  trunks,  which  are  strengthened  for  the  purpose  by  vertical 
cast  ii'on  standards  F  bolted  to  them  and  resting  upon  the  bottom 
foundation  stone  G. 

The  two  air  trunks  EE  join  together  below  the  fan,  as  shown  in  Fig.  1, 
and  communicate  with  the  pit  H  by  means  of  a  horizontal  tunnel  I,  which 
enters  the  pit  at  21  feet  depth  from  the  top. 

The  fan  is  driven  by  a  small  direct-acting  non-condensing  engine  K , 
which  is  fixed  upon  the  face  of  one  of  the  vertical  cast  iron  standards  F, 
and  is  connected  to  a  crank  on  the  end  of  the  fan  shaft  B.  The  steam 
cylinder  is  12  inches  diameter  and  12  inches  stroke,  and  is  worked  by 
steam  from  the  boilers  of  the  winding  engine  of  the  pit,  at  a  pressure  of 
about  13  lbs.  per  square  inch.  The  eccentric  L  for  the  slide  valve  is  placed 
just  inside  the  air  trunk  E,  and  works  the  valve  through  a  short  weigh 
shaft  M  with  a  lever  on  the  outside. 

The  pit  H,  Fig.  4,  is  of  an  oval  forai,  10  feet  by  18  feet,  and  divided 
near  the  centime  by  a  timber  brattice  N,  the  one  side  forming  the  upcast 
shaft  and  the  other  the  downcast.  Both  of  these  are  used  for  winding, 
and  the  cages  O,  in  which  the  trucks,  &c.,  are  brought  up,  work  between 
guides  fixed  to  the  timbering  of  the  pit.  The  pumps  P  are  placed  iu  the 
downcast  shaft. 

In  order  to  allow  of  the  upcast  shaft  being  used  for  winding,  the  top 
is  closed  by  an  air  valve  R,  which  is  formed  by  simply  boarding  up  the 
underside  of  the  ordinary  guard  upon  the  mouth  of  the  shaft,  leaving  only 
the  hole  in  the  centre  through  which  the  chain  works.  This  air  valve  R  is 
carried  up  by  the  cage  0  on  arriving  at  the  top  of  the  shaft,  as  in  Fig.  3, 
and  then  drops  down  again  flat  upon  the  opening  when  the  cage  is  again 
lowered,  as  in  Fig.  2.     During  the  time  that  the  valve  is  lifted,  its  place  is 
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occupinl  by  the  eloar  botlutn  ul  ihc  tm^fe  O,  wbirh  ucariy  6ib  Um  rcctauKii- 
Ur  opcnioK  l<^  at  tltr  top  of  the  thiiA.  By  thu  unple  mraaf  it  u  fuuud 
praeliadly  tlmi  ita  i«  uuulr  fur  keeping  tbe  top  of  iba 

npoMl    thaA  <  iiiiiK  a  antfonn   ciurrnt  of  air  up  Um 

•haft  :  for  the  I<  ^  ...  i  air  iluwtiwanU  tbrouf{h  th«  top  whiUt  th«  eaga 
U  in  thr  (If  ci(»Mii^   the  air  vnlvr,  ami  through  tbr  •mall 

area  that  n<>  0|)rii,  ia  fuuud  to  br  quite  iiumatmai,  aud  the 

•urpiua  ventilatiiij^  power  of  the  fan  is  ajiiply  auflicient  to  provide 
a^niinst  it. 

In  the  oriidiutl  construction  a  more  perfert  air  valve  was  tupprMed  to 
be  ivquisite,  and  was  proviiled  by  the  inclined  flap«  SS,  which  are  filed 
just  above  the  horizontal  tunnel  I.  Theae  are  fitted  closely  together, 
leaving  only  a  small  opcnin*;  in  the  centre  fur  the  chain  to  pass  through,  and 
were  intended  to  be  o])ened  by  the  ascending  cage  coining  in  contact  with 
them,  dosing  a^in  directly  by  means  of  balance  weights  before  the  air 
valve  B  at  the  top  of  tlie  shaft  was  0|>eiied,  so  uh  to  preserve  a  thoroui^h 
closing  of  the  top  of  the  sliatt.  The  flups  were  to  be  opened  again  by  a 
lever  from  the  top  to  allow  the  cage  to  descend.  However,  it  was  found 
on  trial  that  the  valve  K  at  the  top  was  amply  sufficient ;  and  cou^uently, 
although  the  other  valves  S  were  also  provided,  they  have  never  l>eeii  put 
into  use. 

The  totAl  depth  of  the  pit  is  nearly  3U0  yards,  and  at  a  depth  of 
120  yards  a  split  of  air  is  taken  off,  and  coursetl  through  workings  from 
which  coal  and  tire  clay  are  got  ;  the  larger  portion  of  the  air  descends  to 
the  bottom  of  the  pit,  and  is  there  split  into  many  courses,  to  work  two 
■eparate  seams  of  coal  and  a  vein  of  ironstone.  The  total  length  of  road 
laid  with  plates  or  rails  in  the  workings  is  about  7  miles,  aud  the  working 
bees  amount  to  nearly  double  that  distance.  The  bngest  distance  that  is 
traversed  by  any  single  course  or  split  of  uir  in  p:issing  frnia  the  downcast 
to  the  upcast  shaft  is  nearly  2  miles.  The  quantity  of  matchaU  raised  from 
the  pit  is  about  SOU  tons  daily. 

The  speed  at  which  the  vent  '  •        ' 
60  revolutions  per  minute,  giving   I  .:» 

of  2545  feet  per  minute;    45000  cubic  feet  of  air  per  minut' 
drawn  through  the  mine,  nearly  one  thirvi  of  which  ventilates  ihr  upper 
norkinu*.  ami  tin-  re>tt  imsm-a  tlinnitfh  the  lower  w    rkiiigs. 
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Table  1  (appended)  gives  tlie  results  of  a  series  of  experiments  made 
with  this  ventilating  fan  under  the  direction  of  the  author  by  Mr.  R.  S. 
Roper,  showing  that  the  quantity  of  air  delivered  at  the  velocities  of 
(')()  and  SO  revolutions  of  the  fan  \i€r  minute  is  45000  and  56000  cubic  feet 
}X'r  minute,  with  a  velocity  of  current  of  782  and  1  037  lineal  feet  per  minute 
respectively,  or  about  9  and  ]  2  miles  per  hour ;  and  the  degree  of  vacuum 
or  exhaustion  in  the  upcast  shaft  is  '5  and  '9  inch  of  water  respectively. 

In  these  experiments  the  mode  adopted  for  ascertaining  the  velocity  of 
the  air  currents  was  by  calculation  frona  the  difference  of  pressure,  as 
observed  by  means  of  a  carefidly  constructed  vacuum  gauge,  the  result 
being  checked  by  the  anemometer  and  by  the  time  of  passage  of  the  smoke 
of  powder  tired  at  fixed  distances  by  means  of  wires  from  a  voltaic  battery 
at  the  top  of  the  shaft. 

The  working  velocity  of  the  fan  is  readily  and  instantly  regulated  by 
means  of  a  throttle  valve  in  the  steam  pipe  of  the  engine,  which  is  under 
the  control  of  the  man  in  charge  of  the  working  of  the  pit,  and  is  adjusted 
according  to  the  requirements  of  the  ventilation  arising  from  changes 
in  the  atmospheric  pressure  and  in  the  quantity  of  gas  in  the  workings. 
It  has  been  found  that  a  velocity  of  about  50  to  60  revolutions  per  minute 
gives  the  best  amount  of  ventilation,  and  that  beyond  80  revolutions  the 
current  of  air  is  too  strong  to  allow  of  the  lamps  being  kept  alight  in  the 
workings. 

This  ventilating  fan  has  been  now  in  constant  work  for  two  years,  night 
and  day,  without  once  stopping  for  repairs  of  any  kind,  and  is  in  as  good 
working  order  as  when  first  started ;  there  appears  to  be  nothing  to  get 
out  of  order  about  the  machine  on  account  of  the  simplicity  of  its  construc- 
tion, and  no  reason  to  anticipate  any  failure.  The  engine  is  made  very 
simple  in  construction,  with  large  and  durable  wearing  surfaces,  and  the 
steam  cylinder  is  fitted  with  a  solid  metal  piston  to  prevent  any  occasion  for 
stopping  to  adjust  the  packing.  .  The  whole  cost  of  the- steam  power  for 
working  the  fan  is  so  insignificant  that  a  little  leakage  of  steam  is  quite 
immaterial.  The  complete  aiTangement  w'ould  be  to  have  a  second  dupli- 
cate fan  fixed  complete,  and  ready  to  be  set  to  work  at  any  moment  if  the 
first  was  stopped,  or  to  work  in  conjunction  with  it  on  any  emergency 
requiring  greatly  increased  ventilation  ;  though  from  the  experience  of  the 
present  fan  it  has  not  appeared  requisite  to  take  any  such  precaution. 
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111  niNc  u(  iiiiltiiiK  up  iiiiullii-r  fan  fur  ii  •iiiiiUr  |iuqMMr.  tlir  Milbur 
would  ttilupt  oiir  of  »liU  \mr^t  dijiiiifU'r,  prubtiblv  H  (>•'  r,  ami 

running  nt  u  slow   »|>rr<l,  wiii«-h  he  ix>ii»>ulriii   Mould  be  pril<i.ii>i>   ..i,  '    ■  " 
luurv  vwmoimcid  in  |>uwi*r.      llu-  c«iUKlnu-tiuu  uf  tlic  ca*tii|{  u(  tlic  : 
would  pru|M>»«  to  luake  of  n  siuipltfr  nuil  \t%»  eX|M*tuive  dmcriptiou,  umui^ 
only  thill  hriok  wnIU  for  the  sidrtt  and  tin-  air  trunk*.     Tht-  wlc  '  v.- 

HuuUi    tlicii    Ik-    vrrj'    iiuoii-i.li  nibl<-,    r\i-ii    for    •    iNJinplrU-    |.  mr 

vrutilatiug  fun- 

Tilt*  vriitiUiting  fun  has  u  very  important  advautugt*  over  the  funuicr 
ventiUtion,  in  the  |>uwer  it  atfords  of  suiliienl)'  iucrettning  the  cumrnt  of 
air   to    a    great  extent    in  uny  i-nirr^'nrv  ;    whilst  with  the  fi  \ 

increase  is  veni'  slow  in  action  aiul  liniiti-d  in  extent,  and  cunnoi  1 

from  the  surface  of  the  ground. 

Another  advantage  is  the  coolness  and  freshness  of  the  upcast  shaA. 
which  can  be  uscil  for  the  passage  of  the  men  as  freely  as  the  downcast 
bhafl,  being  free  from  the  heat  and  smoke  of  the  furnace  ventilation. 

There  is  also  no  risk  of  explosion  from  the  access  of  gas  to  the  furnace 
fire;  and  in  the  first  opening  of  a  fiery  seam,  as  in  the  present  iiisc  at 
Abercam,  a  funiaoe  could  not  have  been  safely  lighted  until  af^er  a  long 
delay  for  drainage  of  the  gas,  owijig  to  the  sudden  and  extensive  liberation 
of  gas,  and  even  then  it  would  have  been  attendeil  with  con>iden»ble 
dilficulty  and  danger  ;  but  with  the  help  uf  the  fan  all  dchiy  and  danger  was 
avoided,  aud  the  workings  commenced  iuimediately  on  reaching  the  seanr. 

A  brutticed  shaft  was  the  only  plan  practicable  in  the  present  case,  on 
account  of  the  great  dilliculiy  of  sinking  deep  through  the  rock,  which  was 
of  remarkable  hardness ;  and  in  such  cases  the  furnace  ventilation  is  ver\ 
objectionable  on  account  of  the  constant  leakage  caused  by  the  drying  of 
the  timber  of  the  brattice  from  the  effects  of  the  heat  of  the  tire,  and  the 
corroding  action  of  the  sulphurous  vai>ours  of  the  furnace  smoke. 

By  employing  the  suction  in  place  of  the  blowing  action,  and  having  a 
fan  of  large  diameter,  great  exhausting  jKJWer  is  oblainetl  without  rrtjuiring 
a  high  velocity  of  rotation  ;  the  circumference  of  the  fun  ra»<^  Ikeing  left  open 
allows  the  air  to  be  expelled  all  round  w  ith  perfect  freedom,  and  the  central 
diaphragm  |)Lite  on  the  fan  spindle  prevents  the  opposite  currents  of  air 
entering  at  each  side  from  impeding  each  other.  The  simple  maitner  of 
driving,  by  an  engine  acting  direct  by  a  crank  on  tlie  fan  spiudle,  sa\e«  the 
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necessity  tor  intenuediate  geariiii;;  ;  ami  by  having-  the  fan  on  the  surface  of 
the  ground  exposed  to  sight,  its  action  and  rate  can  be  seen  at  all  times  to 
be  etfective,  whilst  it  is  safe  from  the  chance  of  any  damage  arising  from  an 
explosion,  were  one  to  occur. 

In  the  pit  at  Abercarn  the  quantity  of  gas  is  so  serious  that  safety 
lamps  are  now  used  exclusively  throughout  the  workings,  and  not  a  single 
naked  light  is  allowed,  except  at  the  two  stations  near  the  shaft  where  the 
safety  lamps  are  lighted  and  locked  up.  Several  very  slight  explosions 
have  occurred,  but  not  any  at  all  serious  in  their  consequences,  except 
one,  which  may  be  mentioned  as  a  useful  example  of  the  great  practical 
value  of  a  means  of  suddenly  producing  a  greatly  increased  current  of 
ventilation,  in  preventhig  loss  of  life  from  the  result  of  explosion.  In 
this  instance,  which  occurred  about  October,  1855,  one  of  the  men  took 
a  naked  candle  into  a  stall  in  which  fire  damp  had  accumulated  in  the 
lower  workings,  at  about  150  yards  distance  from  the  shaft.  An  explosion 
ensued,  which  was  heard  by  the  author,  who  was  at  the  top  of  the  shaft  at 
the  time ;  and  he  instantly  turned  the  steam  full  on  to  the  engine  of  the  fan, 
w^hich  immediately  increased  the  speed  of  the  fan  to  nearly  double  its  rate, 
and  caused  such  a  sudden  increase  in  the  velocity  of  the  current  of  ventila- 
tion, that  the  after  damp  resulting  from  the  explosion  was  carried  past  the 
men  in  the  workings  so  quickly  that  they  escaped  all  serious  injury,  so 
momentary  was  theii'  exposure  to  its  effects.  But  if  the  ordinary  velocity 
of  cmTcnt  only  had  been  maintained,  some  of  these  men  could  not  have 
escaped  with  their  lives.  The  man  who  caused  the  explosion  was  severely 
burnt,  but  recovered  from  the  injury. 

Almost  immediately  after  turning  on  the  steam  to  the  fan,  a  shower  of 
black  particles  was  thrown  out  of  the  fan,  which  would  be  the  result  of  the 
explosion,  being  the  fine  particles  of  carbon,  liberated  as  light  flaky  soot 
from  the  decomposition  of  the  carburetted  hydrogen  by  the  explosion.  This 
is  commonly  but  incoiTCCtly  called  "  coal  dust,"  and  is  always  the  result  of  an 
explosion ;  and  in  the  author's  opinion  this  is  the  cause  of  the  fatal  efi"ect 
of  the  after  damp,  fi'om  the  accumulation  of  the  minute  solid  particles  upon 
the  lungs,  and  not  the  exposure  to  the  carbonic  acid  and  nitrogen  resulting 
from  the  combustion  of  the  gas  and  air.  This  opinion  is  confirmed  by  the 
result  of  examiiiation  of  the  lungs  of  men  killed  by  mine  explosions,  which 
are  found  to  be  loaded  with  these  black  solid  particles.    It  has  been  observed 
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ftvqiirutly  that  lurii  oiii  !ivr  (or  tome  time  iu  the  afUr  tUnip  foUoving  • 
TT —     \Ii»iou,  if  ihry    tnkf     '  '  i  .utbt  and 

.iiplrt«ly  witli  a  linii'.-  iraibfltml 

prevrnl  Ihrae  floaliii^  |Mirticlr«  of  carbon  from  entering  tbe  lung*  ;  and  tliia 
1  bmUhing 

'  re  a  miner, 

named  John  Hall,  now  living  at  Abrrrnm,  gut  through  a  divtancc  of  half 
a  mile  filli-tl  with  tlir  after  damp  by  taking  thi*  pnrcaution,  and  etaped 
with  safrty  to  the  blutft 

One  of  the  must  riplosive  ntixtum  of  ga»cii  that  ran  l>e  pro*luoed  in 
a  coal  mine  is  in  the  pro|)urtion  of  5  vuiumc*  of  carbur^tted  hydrogen 
niul  40  volumes  of  ntuiusphcric  air.  Whrn  tiii»  uii&tun*  is  c\pluded  the 
rrsults  art'  i  vuhunesi  of  vu|>our  of  carbon,  3  vulumes  of  carbunic  arid 
gas,  10  volumes  of  va|K>urof  water,  and  32  volumes  of  nitrogen  gas.  After 
'■       \    '  t!ic  carbon  assumes  the  formof  li^lit  flaky  soot,  which  i*  very 

-d  throughout  the  iiir.  Table  11.  illustrates  the  manner 
III  which  the  writer  believes  thut  the  docom|M>sitiou  and  combinations 
.u-c».iupanying  the  explosion  take  place. 

A  similar  ventilating  fan  to  that  above  descril>ed  has  been  since  erected 
liy  Mr.  Ntismyth  at  Skiar  Spring  Collier}',  near  Elsecar,  which  is  working 
v»ith  complete  sucwss  ;  it  is  of  rather  larger  size  than  the  one  at  Abercam. 
being  15  feet  diameter  and  4  feet  3  inches  wide  in  the  vanes,  and  is  worked 
it  60  revolutions  per  minute  by  the  steam  from  a  pumping  engine  boiler  at 
15  lbs.  |)er  s({uare  inch.  The  result  is  a  thorouglily  efficient  ventilation 
of  the  workings,  completely  under  control  at  the  surface  of  the  grouud. 
and  maintained  at  an  expenditure  of  fuel  extremely  small  as  compared  witU 
that  required  for  the  ordinar)'  furnace  ventilation. 
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TABLE  11 
7WM#  %Uutlftimf  m  Mint  Ktplmtom. 


■•rOM  KlPU**f 


kftt* 


ti«drurrn. 

*»cu, 


C  1««L 

C  1  T«L 


C   I  rxA 

C    I  Tol. 
C     1    TOI. 


II  1  s»l 

H  1  rol 

H  1  ToL 

H  1  vol. 

H  1  vol. 

H  1  vol. 

H  1  vol. 

H  I  voL 

B  1  ToL 

H  1  vol. 


40  vol*.  uT 

Air 
8  O  '•^  S<  N 


(0  J»>oL> 

10  ivoLJ 

io  »vol.] 

CO  »T0l  1 

i  O  »  vol  ) 


O  i  vul. 
O  i  vol. 
O  i  vol 
O  ivol. 
O  i  voL 
O  i  vol. 
O  i  voL 
O  i  vol. 
O  tvoL 
O  i  vol. 

N  Uv«l 


2  vol*  of     I    S  «ul*    uf 

Vaputtr  uf        ( Wboiiir 

I'vbuii  Ami  Gm 


«C 


S(XJ. 


C  1  mL 

V  I  vol 


00,  1««L 


00,  1  foL 


CO,  ITOI. 


1  U   »  ul».  0# 

VapooT  at 
W«ur. 
10  HO 


HO  1  vol. 
HO  1  vol. 
HO  iToL 
HO  iTol. 
HO  1  vol. 
BO  I  vol. 
HO  1  vol. 
BO  1  voL 
HO  iToL 
HO  1  vol. 


Vitntm 
Gm. 
SSN 


NSiTok. 


The  rkrtmcvl  c^uinlnt  of  uvpea  by  vohunr.  or  iW  « 
uijfcm.  haii^  ■  half-ToL,  tlw  %  vok.  of  ofjfm  ^^mk  u*  is  BMvWural  adtw* 
is  Um  lir  hdbn  aploMoa  rvprarat  Um  16  r^/mninU  or  16  lulf-xub  «lurk  uv  la 
ekcMMd  cMihiaaboo  vruk  tkr  cv^oa  ud  tijdrogta  afW  nploMvu 
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The  Chairman  thought  a  more  interesting  and  important  paper  could 
not  have  been  brought  before  the  Institution,  for  eveiy  one  ai^quaiutcd  with 
the  working  of  collieries  must  be  aware  of  the  gi-eat  value  of  thoroughly 
efficient  ventilation,  and  the  danger  and  serious  risk  of  life  attending  any 
imperfection  in  the  system.  Only  a  fcAV  months  previously  an  explosion  had 
occurred  in  Wales,  by  which  more  than  a  hundred  persons  had  been  killed 
in  one  pit,  showing  the  necessity  of  adopting  some  efficient  system  of 
ventilation,  that  would  not  be  liable  to  derangement  from  accidental  causes; 
and  the  method  now  described  was  certainly  a  very  simple  and  mechanical 
way  of  accomplishing  this  object.  Several  attempts  at  mechanical  ventila- 
tion had  been  made  previously,  but  did  not  appear  to  have  met  with  much 
success  in  actual  adoption  :  mechanical  means  had  been  tried,  he  believed, 
more  in  Wales  than  elsewhere,  because  the  coal  in  that  district  contained 
such  a  large  proportion  of  explosive  compounds.  He  enquired  what  were 
the  essential  points  of  diftVrence  in  the  previous  methods  from  the  one  now 
described. 

Mr.  Rogers  replied  that  there  was  nothing  new  in  the  principle  of 
ventilation  by  purely  mechanical  means;  the  same  principle  had  been  in  use 
centuries  ago  on  the  continent,  although  of  comparatively  recent  intro- 
duction into  this  country.  The  old  German  miners  had  used  an  inverted 
tub,  placed  in  water,  and  worked  up  and  down  by  a  lever,  with  an  air  valve 
at  the  top  opening  inwards,  the  fresh  air  being  alternately  drawn  into  the  tub 
and  expelled  along  an  air  main  conducting  it  into  the  workings.  This  rude 
contrivance  had  been  recently  improved  and  the  plan  carried  out  on  a  large 
scale  in  Struve's  ventilator,  in  which  the  inverted  air  vessels  were  like  large 
gasometers  ;  but  the  apparatus  was  expensive  and  proved  troublesome  in 
working.  Rotary  ventilators,  acting  on  the  principle  of  the  screw,  had 
been  tried  in  some  cases ;  and  the  fan  had  also  been  applied,  but  without 
success,  in  consequence,  he  considered,  of  a  want  of  mechanical  knowledge 
on  the  part  of  those  who  had  sought  to  adopt  this  method  of  ventilation. 
The  need  of  sound  mechanical  applications  in  carrying  out  improvements 
of  this  nature  formed  his  principal  reason  for  bringing  the  present  subject 
before  the  Institution,  with  the  view  of  drawing  attention  to  its  importance. 

The  fan  at  Abercarn  had  proved  completely  successful,  and  he  was  not 
aware  that  any  really  effective  machine  had  been  produced  previously ;  but 
the  subsequent  one  at  Skiar  Spring  Colliery  was  still  better,  and  experience 
.•vould   no  doubt  lead  to  yet  farther  improvements,   particularly  in  a  still 


TB.VTIUATtNO    TAH.  i^X 

farther  iooivaM  uf  tlir  (liaiiirtrr  uf  tiir  fan.  In  aoiitr  u(  ibr  mrijr  •llroi|«U 
Um  air  wm  (anrti  down  the  pit  liv  •  l>1  ««•  bc^iminK  at 

tke  vrooK  end  of  ibr  |m>rr»«  ,  niidanutt  i  bem  made  «a« 

Uiat  llitf  arra  of  Ibr  brnnrh  air  pauafcr*  wa«  too  amall  at  the  |iouit  uf  Ukiog 
off  the  air.  raiuiii^  a  M-hou<i  wmW  of  p«m-rr  and  a  chrrk  lo  the  rurrrat  in 
pawing  the  ix)iitrarte«l  |Mirt>.  In  Mr  NaMuyth'*  fan  tlir  auu plr  •! — ' 
Mtinf  eopne  wns  nn  itn|Miriant  ft-aturr,  tt>prtlier  with  the  c-<>. 
•mnfemeut  of  tht*  niAchiiirr}',  re({uinu^  nu  foundation  but  the  fan  rate 
itaelf.  and  ^vin^  no  trouble  in  km-pini;  it  in  rrpair.  The  ruiniM*  »n* 
onpable  of  driving  the  fun  ut  100  to  120  rt*volutiou8  per  minute  if  rrquiaitr 
in  an  anergenc>-,  but  the  onliiuir>'  sjieetl  was  SU  or  60  rrvolutiuiM  per 
minvta.  This  fnn  had  l»e<*n  two  yeant  in  cunxtaiit  work,  without  n-(|uin(i$; 
any  repair,  luut  ap|)ejire«l  in  u*  ^(kmI  onlcr  now  us  ut  first  utartin;,'.  the  vuii 
of  working,  as  cx>ni)>ait^i  with  the  ohl  iui|>frfcct  fumaoe  ventilatiou,  was 
rrtnarknbly  small,  the  fan  »avin^  certainly  U-lOths  of  the  fuel  consumed  by 
the  urilinury  veutilatint;  furnace.  The  efficiency  of  the  uir  valve  cuvering 
the  tup  of  the  pit  was  un  unexpectetl  result,  and  t>impliHe«l  the  coustructiuu 
of  the  apparatus  considerably.  It  had  been  thought  origiiuilly  tluit  twu  air 
valves  would  be  retjuired,  to  prevent  In-    '       '  '  'e 

top  of  the  pit,  and  doul)le  >alvi-s  Iwul  f  "        .  ■* 

provision  was  found  unnecessary,  as  it  ap|)eared  that  a  culmnu  of  air  of  so 
grtfflt  lensth,  exteudiui;  over  12  or  15  miles  tliroui;h  the  mine,  when  ouoc 
set  in  motion,  was  not  {lerivptibly  aiTected  by  a  slight  check  at  the  eud  of 
its  course,  and  was  not  disturbed  by  the  passage  of  the  cage  in  aiul  out  of 
the  mouth  of  the  pit ;  the  simple  flat  door  al  the  top  accordingly  answered 
the  purpose  completely.  In  the  erection  of  subsequent  fans  the  construc- 
tion might  be  further  simplified  by  the  substitution  of  thin  stone  or  brick 
walls  on  each  side  of  the  fan,  in  place  of  the  present  iron  casiitg,  with 
the  udvantaire  of  cheapness  and  facility  for  reuewul  or  re|Mur. 

The  Cii.\iKMAN  obsen'ed  that  the  plan  now  d-  .-.ilied  appeared  to  be 
fur  superior  to  the  ordiuarN  system  of  furn/ioe  ventilation,  in  which  a  large 
furnace  was  kept  burning  ut  the  bottom  of  liic  shnA,  so  as  to  r.i  r 

and  make  the  retjuisite  diuught  up  the  shaft  to  draw  the  cur:—.  ..  _j- 
through  the  mine.  Such  a  methoil  was  unavoidably  ttiteuded  with  continual 
variations  in  the  current  of  air  through  the  workings,  as  the  fires  tluetuated 
aeoordiiig  to  the  brightness  or  dullness  of  burning  at  tliflercnl  tmics, 
and  the  ventilation  was  direi'tly  alfected  by  irn^(ularities  in  keeping  up  the 


26^  A-ENTILATING    FAN. 

fires  and  varintions  in  the  state  of  the  atmosphere.  The  use  of  jets  of 
steam  for  ventihition,  proposed  by  Mr.  Gm-ney,  had  recently  been  in  favour, 
the  steam  acting  in  the  same  manner  as  the  blast  in  the  chimney  of  a 
locomotive  engine  ;  he  enquired  what  was  the  general  result  of  this  plan, 
and  whether  it  Avas  now  in  regiUar  work. 

Mr.  KoGEus  thought  the  employment  of  steam  jets  must  always  be  an 
imperfect  and  expensive  mode  of  applying  steam  power  for  ventilation  ;  it 
was  much  preferable  to  apply  the  steam  direct  to  work  a  fan,  by  which 
means  a  low  pressure  of  steam  could  be  made  fully  available.  He  did  not 
think  the  plan  of  steam  jets  was  continued  in  practical  use ;  one  serious 
objection  to  it,  that  was  experienced  when  tried  on  a  large  scale,  was  the 
constant  shower  of  water  caused  by  condensation,  from  the  large  quantity 
of  steam  thrown  into  the  air  shaft. 

Mr.  Hawkes  asked  what  degree  of  vacuum  in  inches  of  water  was 
obtained  by  the  fan  ventilation,  and  how  the  velocity  of  the  air  had  heen 
estimated.  From  ^  inch  to  f  inch  of  water  was,  he  had  found,  the  ordinary 
vacuum  obtained  in  stationaiy  engine  chimneys. 

Mr.  KoGERS  had  fovmd  in  his  own  experiments  from  |  inch  to  1  inch  of 
water  pressure,  according  to  the  speed  of  the  fan  ;  he  had  tried  the  vacuum 
by  means  of  a  water  gauge,  and  had  also  estimated  the  velocity  of  the  air 
by  Dr.  Hutton's  theoretical  calculations.  The  results  had  been  checked  by 
Biram's  and  other  anemometers,  and  had  been  found  to  agree  very  well. 
A.  thhd  test  had  been  tried  by  firing  powder  at  measui-ed  distances  in  the 
workings  by  means  of  a  voltaic  battery  at  the  surface,  the  time  of  passage 
of  the  powder  smoke  to  the  surface  being  noted  by  a  watch. 

Mr.  Hawkes  asked  what  amount  of  vacuum  was  obtained  in  the 
ordinary  furnace  ventilation  of  collieries. 

The  Chairman  said  that  the  information  on  this  point  was  very 
imperfect,  from  the  uncertainty  about  the  experiments ;  he  supposed  the 
vacuum  was  generally  below  1  inch  of  water,  perhaps  considerably  fess  : 
but  in  large  deep  mines  a  vacuum  of  as  much  as  2  inches  of  water  was 
sometimes  required  to  overcome  the  resistance  to  the  cua'rent  in  the 
workings. 

Mr.  Rogers  remarked  that  there  were  several  disturbing  causes  to  be 
taken  into  consideration,  and  great  precautions  were  necessary  in  ascer- 
taining the  vacuum  correctly.  The  barometer  showed  1  inch  difference  of 
height  at  the  top  and  bottom  of  a  deep  shaft,  such  as  that  at  Abercarn  of 
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Dcnrly   UOU  feet  lirptli.  Mbeitr  it  »Uxm1  itt   iii  uickri  tt  Umt  U>|i,  wbik  it 

thoweil   30  iii»bc«  at  tin*  buttum.     Tbc  ;  '  --  of  ibc  1;^    '  •     '  tbr 

baroiurtrr  aiul  dilforviuv  uf  t«tiii>eriilun-  h.i  .  ted  m  bi»  '  ii«, 

and  werv  given  in  tbe  table  apiicittlnl  to  Ibe  |>aper,  to^rtbrr  with  the 
dflgrae  of  Va<  '   .         '       .a  dm*  to  the  dlfTcTMire 

oftempentu:  water. 

Mr.  Shelley  eiu|uirtHl  wbetbcr  ibc  disiaiuf  of  tbe  fan  from  the  pit 
mouth  uiid  its  relative  position  wen*  uiatrrial  for  it*  ^^ood  workio;;. 

Mr.  llouKKS  said  the  dititancf  of  the  fan  from  tbe  slioA  was  imiiiaUrrial, 
provided  that  the  air  puiiiUigc  from  the  pit  to  the  fan  wa«  of  tbe  full  size, 
frre  from  coutractiouM  or  obatructioua.  All  that  appeared  requisite  was  to 
make  the  fan  lar^  enough  to  have  an  ample  margin  of  surplus  power  of 
ventilation,  without  reipiinu>(  a  hi-^h  s|)e*'d  of  wurlciug ;  and  from  the 
results  of  his  experience  he  should  certainly  recommend  in  future  a 
oonsiderublv  larger  size  of  fan,  probably  as  lar^e  as  21  feet  in  diameter. 

Mr.  Hawkes  mentioned  that  a  sjiecies  of  fan  for  ventilation  had  been 
trietl  many  years  ago  by  Mr.  Brunton,  acting  somewhat  on  the  principle  of 
a  screw,  to  which  allusion  bud  been  made  ;  but  he  was  not  aware  what 
results  had  been  obtained  with  it.  He  remembered  that  Mr.  Nasrayth  bad 
read  a  paper  on  the  subject  of  ventilating  fans  at  the  meeting  of  the  British 
Association  at  Ipswich  several  years  ago,  but  thought  the  arrangement 
then  proposed  was  ditferent  from  that  now  described. 

The  CilAiUMAN  asked  what  was  tbe  construction  of  the  ventilating  fan 
at  Mr.  Powell's  colliery  in  South  Wales,  which  was  probably  the  one 
referred  to  as  Mr.  Brunton's,  and  whether  it  was  at  work  now  or  had  been 
given  up. 

Mr.  Rogers  replied  that  was  the  fan  on  Mr.  Brunton's  plan,  and  he 
remembered  seeing  it  first  put  to  work  about  nine  years  ago ;  it  was  a 
horizontal  wheel  about  9  feet  diameter  covering  the  top  of  the  air  shaA, 
with  a  large  number  of  vanes  set  inclined  like  tbe  vanes  of  a  windmill  or 
the  blades  of  a  screw  ;  tbe  air  had  access  to  the  vanes  on  the  underside, 
an^!  '  :  side  of  the  fan.     The  pbn  was  found  to 

be  :  IS  a  means  of  ventilation,  and  he  believed 

it  bad  been  entirely  abandoned.  In  the  paper  read  before  the  British 
Association  that  had  been  referred  to,  Mr.  Nusmytb  proposed  a  fan  only 
about  4^  or  4^  feet  diameter,  which  was  so  small  a  size  that  it  would  not 
have  at  all  answered  the  purpose.     The  large  size  of  the  present  fan  was 
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the  most  important  feature  in  the  improvement,  by  which  indeed  the 
practical  dilficidties  had  been  overcome.  The  whole  credit  of  the  calcula- 
tions and  arrangements  in  the  form  of  the  present  fiiu  was  due  to 
Mr.  Nasrayth,  and  they  were  founded  on  the  results  of  his  experience  ;  there 
might  no  doubt  be  many  modifications  of  the  form  and  proportions  of  the 
dilferent  parts  of  the  fan,  but  these  did  not  appear  to  be  material  points, 
and  the  simple  const rnction  that  had  been  described  appeared  practically 
as  good  as  any.  He  might  mention  that  the  plan  had  been  thrown  open 
by  ^Ir.  Nasmvth  for  general  use,  without  reserving  any  exclusive  right  in  it. 
]Mr.  Cochrane  thought  a  great  feature  in  the  plan  of  fan  ventilation 
was  the  simplicity  of  the  a])paratus,  and  the  sraallness  of  cost,  and  also 
the  applicability  to  deep  mines ;  the  great  freedom  from  risk  of  derange- 
ment was  an  essential  point,  removing  the  objection  ordinarily  urged 
against  ventilation  by  mechanical  means.  Any  plan  which  tended  to 
preserve  life  was  of  great  value,  and  the  fan  ventilation  was  certainly  an 
important  step  in  the  right  direction  ;  great  credit  was  due  to  Mr.  Eogers 
for  investigating  the  subject  so  completely,  and  making  such  a  thorough 
practical  trial  of  the  plan.  There  was  no  doubt  this  fan  was  doing  the 
work  of  ventilation  admirably,  and  he  thought  surpassing  all  other  plans, 
and  it  reqiured  only  to  be  better  known  to  be  extensively  adopted ;  they 
were  greatly  indebted  to  Mr.  Nasmyth  for  eifecting  this  valuable  improve- 
ment in  the  mode  of  ventilating  mines. 

Mr.  Rogers  observed  that  the  power  of  suddenly  increasing  the 
cmrent  of  air  through  the  workings  in  any  emergency  was  a  great  advan- 
tage over  the  ordinary  furnace  ventilation,  in  which  no  such  change  was 
practicable.  He  was  convinced  that  the  majority  of  deaths  from  explosions 
resulted  from  the  suffocating  effects  of  the  after  damp,  and  not  from  injuries 
occasioned  by  the  explosion  itself;  and  in  cases  where  men  recovered  after 
an  explosion,  it  was  observed  that  a  quantity  of  black  carbonaceous 
matter,  or  "coal  dust"  as  it  was  termed  by  the  miners,  was  first  thrown 
off  the  lungs;  this  was  the  result  of  the  deposition  of  carbon  in  the 
atmosphere  that  had  been  inhaled;  for  every  45  volumes  of  fire  damp, 
which  was  a  mixture  of  carbui-etted  hydrogen  and  air,  produced  in  the 
explosion  2  volumes  of  vapour  of  carbon,  which  was  precipitated  in  the 
form  of  minute  black  flakes  filling  the  air.  In  the  case  mentioned  in  the 
paper,  the  result  of  suddenly  turning  the  steam  full  on  to  the  engine  of 
the  fan  was  remarkable ;  an   immense  volume  of  air,  probably  70000  or 
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hurriotiu .  .a 

Um   air.      With   thi*    ftiriin<-c    bnwrvrr    thr  l>rcn 

daran^  bjr  '  nd  iUu»  nuuie  wonc  lattcoU  o^  better  at  Um 


•t  auoilier  advanUge  in  the  (an,  thai  had 
not  bectx  directly  alludetl  to,  would  be  the  uni/brmily   with  which  the 

explotiont,  at  the   turn   working;   in   the  pit  were  expoced  to   bad   air 

constantly,  aiul  t):  e 

ventilation  wa«   di _ 

the  caite  frrquentJy  with  the  ordinary  mode  of  ventilation. 

Mr.  U4MSBUTTOM  tliou<;ht  tlie  fan  an  exceedingly  |)crfect  ma 

the  leading  feature   in   the   ir  ■  ' •■  '    •■■•:  •    '    • 

enlargement  of  the  fun  to  u  ,1 

ateam  engine  by  which  it  was  dnven,  the  engine  working  at  the  ftome 
apeed  as  the  '  1 

reducing  the  «  _v 

kept  in  good  working  order.  A  second  cylinder  might  easily  be  applied 
if  desired  at  the  other  end  of  the  same  shaft,  which  would  render  any 
stoppage  from  the  failure  of  the  working  parts  next  to  impossible. 

The  CHAiRM.iN   proposed  u   vote  of  thanks  to  Mr.  Itogers  for  hi* 
paper,  which  was  pas!>rd 


The  following    ritpcr,    uy  Air.  U  imam  Walier,  ul   Liucyiu,   Had   iLcn 
read: — 


L  8 
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ON   THE   APPLICATION   OF   STEAM   POWER  TO  AGRICUL- 
TURAL PURPOSES. 

II.    BAUN    MACHINERY. 

The  steam  engine  having  been  called  in  to  aid  the  fanner,  it  has  been 
found,  as  shown  in  the  previous  paper  under  the  present  title,  that  an 
engine  on  wheels,  portable  and  self-contained,  is  the  most  eligible  form  for 
that  pm-pose,  unless  in  large  farms  where  a  fixed  engine  might  find  full 
employment.  The  introduction  of  the  portable  engine  and  its  history 
having  been  the  subject  of  the  former  paper,  the  writer  proposes  now  to 
consider  the  "  Barn  Works,"  or  implements  employed  on  tlie  farm,  either 
fixed  or  portable,  and  in  general  use  with  a  steam  engine. 

The  machinery  of  a  farm  may  be  divided  into  the  following  classes, 
besides  the  driving  power  : — 

The  Threshing  and  Dressing  apparatus  for  grain. 

The  Mill  and  Tlour  Dressing  apparatus. 

The  Corn  Crushing,  Straw  Chopping,  and  Root  Cutting  implements. 

These  are  called  tlie  barn  works,  and  to  them  may  be  added  the  sawing 
machinery ;  but  as  this  is  not  properly  an  agricultural  implement,  though 
of  great  service  to  the  farmer,  it  is  passed  over.  These  implements,  and 
the  methods  in  which  the  vpork  is  performed,  with  a  retrospective  glance 
at  their  earlier  history,  form  the  subject  of  the  present  paper.  The  writer 
therefore  proposes  to  review  briefly  the  history  of  the  threshing  machine, 
and,  following  the  grain  in  its  preparation  for  food,  to  notice  the  corn 
dressing  machine,  the  mill  and  the  flour  dressing  machine,  as  w^ell  as  the 
minor  auxiliaries  of  a  farm,  without  attempting  to  particularize  the  small 
practical  distinctions  of  manufacture,  but  treating  them  in  general  terms, 
as  also  the  several  processes  admitted  by  all  to  be  necessary. 

Precedence  in  date  of  history  as  well  as  in  order  of  process  must  be 
given  to  the  Threshing  Machine.  The  most  important  process  in  agriculture 
in  early  times  was  the  beating  of  the  corn  from  the  husks,  and  this  required 
more  ingenuity  than  the  preparation  of  the  soil  in  the  fertile  countries  to 
which  the  oldest  records  refer.  Mention  is  made  in  very  early  history  of 
the  threshing  floor,  and  of  threshing  instruments  of  wood  and  iron  and 
implements  armed  with  teeth ;  the  flail,  drag,  and  wain,  and  the  method 
of  treading  by  cattle,  are  also  particularized. 
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The  Thrrshin;;  KKntr  wan  a  romul  Irvrl  pi.it  ut   ;.'inuii(l,  n.  mi 

smooth,  for  iht*  |»urj><»4'  of  thrrfthiii;;  or  M-|)iir,itiii::  lln  n-rii  fi  iw, 

by  the  treading  of  oxen  or  other  niethiMlH. 

The  Fhiil  or  Sinff  wiitt  umhI  for  such  ^raiii  ua  wtia  too  tendrr  to  be 
tn-atnl  in  other  aiethoili). 

The  Ura^  consisted  of  a  fnune  of  titiil>cr  or  atrong  planks,  rougbrd  at 
the  bottom  with  hard  stones  or  iron,  mid  was  drawn  by  Uor»e«  or  oien 
over  the  com  slieaves  placcil  npon  the  thre^hin-^  floor,  the  driver  riding 
u|Km  it.  In  l^iS  there  was  in  use  in  I'ulestiue  a  ilra^f  or  thret>hing 
machine  composed  of  two  thick  planks  fastened  end  to  end,  the  smaller 
plank  in  front  hein;^  bent  Uj)ward8 ;  holes  were  bored  in  the  underside  of 
the  planks,  and  sharp  pieces  of  stone  or  iron  points  inserted  in  them. 
This  instrument  cut  the  straw  as  well  as  separated  the  grain  from  it,  and 
was  drawn  by  oxen,  horses,  mules,  or  asses,  driven  in  a  circle  over  the 
grain  or  sheaves  by  a  man  seiited  upon  it ;  large  stones  or  heavy  pieces  of 
woo<l  were  also  put  uj)on  it  to  increase  the  weight. 

The  Wain  was  a  similar  machine,  driven  in  the  same  manner,  composed 
of  three  rollers  armed  with  iron  teeth,  or  wheels  saw-edged  all  round  to 
cut  the  straw.  The  moreg,  as  this  implement  was  called,  was  in  Ui.e  in 
Eg}pt  in  1838. 

Treading  the  corn  was  still  e^irried  out  in  1844  in  the  South  of  Fnmce 
at  Avignon,  and  a  similar  plan  was  used  in  Virginia.  The  manner  of 
operation  is  the  same  as  in  the  other  methods  ;  the  sheaves  are  opened 
and  spread  out  thickly  in  a  circle  or  ring  on  the  threshing  floor  w  ith  the  ears 
upi)ermost,  and  the  animals  are  driven  quickly  over  by  a  man  in  the  middle, 
who  guides  them  by  halters,  while  other  men  shake  up  the  com.  The 
floors  are  from  60  to  100  feet  in  diameter,  and  the  horse  track  from  12  to 
25  feet  wide  ;  the  floore  are  sometimes  fenced  in,  and  then  the  animals  are 
driven  loose.  The  grain  after  being  thus  threshed  from  the  ear  has  to  be 
sepanited  from  the  chafl*  and  dirt,  as  well  as  the  dung  of  the  animals, 
whose  legs  are  much  injured  by  the  process ;  the  grain  is  also  broken.  In 
the  present  year  horses  and  oxen  were  used  in  Hungary  for  treading  out  the 
com  ;  and  in  one  instance,  in  August  last,  this  plan  was  being  usetl  at  the 
same  time  as  the  new  finishing  threshing  machine. 

There  is  i.nother  instrument  also  described  as  being  »ii  use  in  .>\ria  m 
184*^,  a  kiiid  of  sledge  drawn  by  one  horse,  having  a  wootleu  cylinder 
about  4  feet  long  and  2  feet  diameter  fixed  horizontally  under  n  platfonu 
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mounted  upon  wheels  ;  on  the  cylinder,  which  revolves  as  a  wheel,  are  fixed 
about  1  foot  apart  two  rows  of  sharp  blades  somewhat  like  hatchet  heads, 
whieh  turn  within  4  inches  of  the  ground.  This  is  driven  by  a  man  seated 
on  it  in  a  circle  or  ring  over  the  sheaves  of  corn,  fresh  sheaves  being 
constantly  fed  to  it,  and  the  crushed  corn  gathered  up  by  men  on  the 
outside  of  the  ring. 

The  use  of  oxen  seems  to  have  been  almost  universal,  as  well  as  the 
system  of  treading  out  the  corn  ;  but  in  China  this  process  was  generally 
performed  by  means  of  a  heavy  roller  of  unpolished  marble.  In  the  vicinity 
of  Canton  the  flail  was  used  ten  years  ago,  but  whence  imported  is  not 
ascertained.  There  does  not  appear  to  be  any  trace  of  the  irlhulmn  or 
Roman  threshing  machine  in  this  country  ;  but  the  flail  [fudli)  or  staff 
was  known  to  the  Romans,  and  is  supposed  to  have  been  introduced  by 
them.  The  fustis  is  understood  to  have  been  a  plain  rod  similar  to  that 
of  the  Jews,  and  the  loose  beater  to  have  been  introduced  subsequently  to 
the  Norman  Conquest ;  the  implement  then  became  substantially  the  same 
as  that  now  in  use. 

It  will  readily  be  conceived  that  in  this  country,  where  the  flail  was  in 
every-day  use  and  almost  the  only  implement  used  for  threshing,  any  first 
attempts  at  innovation,  such  as  the  application  of  jDOwer  to  attain  the  same 
object,  would  be  by  means  of  a  similar  instrument.  Accordingly  in 
1732  Michael  Menzies,  an  advocate  residing  in  East  Lothian,  invented  a 
threshing  mill,  of  which  we  have  but  a  very  rude  outline  in  the  "  Gentleman's 
INIagazine  "  for  February,  1735.  It  consisted  of  a  number  of  fiails  fixed  in 
a  wooden  beam  or  shaft,  which  received  motion  by  means  of  a  crank  from  a 
water  wheel  and  shaft  making  about  30  revolutions  per  nmuite  :  the  beam 
is  said  to  have  been  moved  backwards  and  forwards  with  the  flails  inclined 
to  it  at  an  angle  of  ten  degrees  ;  but  how  they  were  inclined  so  as  to  be 
suitable  for  working  backwards  and  forwards  is  not  told,  and  the  description 
is  necessarily  imperfect.  The  beam  is  understood  to  have  been  placed 
across  the  floor  horizontally  for  the  flails  to  fall  on  the  straw,  and  is  said 
to  have  given  1320  blows  per  minute  ;  this  would  then  be  by  means  of  the 
rocking  motion  given  to  the  beam,  and  dependent  upon  the  number  of  flails 
fixed  in  the  beam.  The  machine  is  stated  to  have  been  fixed  at  Roseburn, 
and  the  description  of  it  in  the  transactions  of  the  "  Society  of  Improvers 
in  the  Knowledge  of  Agriculture  in  Scotland  "  is  allowed  to  be  the  earliest 
published  account  of  a  power  threshing  machine ;  it  is  noticed  in  Brown's 
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tubaM)Ucut  work  on  "  Uuml  Affain,"   1811.  m^en  it  ti  ttMitd  tkat  iIm 
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writer  doe«  not  know,  but  the  conditiun  of  the  whrat  ami  barlr)'  tbrt-Ahrd 
by  the  ii.  i. 
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having  u  .1  amis  working  in  a  cace 

8 1  feel  high  and  S  feet  diumeter.     in  this  case  the  shaft  with  the  amu 
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gradually  let  c  gmiu 

was  beaten  out  by  the  anns  and  pa&sed  through  an  opening  in  the  floor 
w,  from  which  it  was  separated  by  fuuners  aliw  worked 
!._. :l. 

In  177*2  llderton  and  Smart  constructe<I  a  machine  to  act  by  rubbing 
the  gruiii  from  the  ears  iu6t(.*atl  of  beating  it  out.     The  sheaves  ^^ 

between  a  hori."  ••:•■'   ■•  ' '    ■ '-'Ut  6  feet  ilianieter  and  a  i...,...-.  .y, 

rollers  of  the  .-..  jund  tlie  drum  and  pressed  towards 

it  by  springs,  in  such  a  way  as  to  rub  out  the  grain  when  the  drum  was 
turned  round. 

in  1773  a  machine  iurented  by  Mr.  Osley  at  Flotlden  was  erected  for 
Sir  John  Deiaval.  This  machine  had  two  fluted  feeding  rollers;  and. 
instead  of  a  di  -ts  of  an  "U  a  hori/ 

ends  of  the  tx , _  ..rms  in  eac      .       .;ig  connei:  _  > 

crossbars  parallel  to  the  shaA.  The  scutcher*  or  beaten  were  formed  of 
two  pieces  of  wooil  3  in  l»y  U  inch  thick  at  one  i 

thick  at  the  other,  and  w...    >ii...chtd  to  the  croubars  h\  .     ...jo. 

A  circular  bivabiwork  wa»  placed  about  3  inches  from  the  beaters,  so  as  to 
allow  the  com  to  past  between ;  the  unthreshed  com  was  Uud  on  a  Ix  orJ 
attL   ■      •    '    '  ...     -  .   .  .-  ->     ...    .  -    >  -. 

Th. 
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flail ;  the  macliine  was  never  made  public,  and  its  abandonnient  after  trial 
proved  its  inutility. 

In  17 76  Andrew  Meikle,  n  millwright  at  Houston  ]\Iill,  'ryiiingham, 
East  Lothian,  attempted  to  construct  a  machine  similar  to  that  of  Menzies, 
but  his  plan  was  soon  laid  aside.  Sir  Francis  Gilmerton,  having  seen 
Ilderton's  machine,  had  a  model  made  under  his  own  directions,  which 
wjos  sent  to  Meikle  to  try  by  means  of  the  water  wheel  at  his  mill ;  but  the 
model  was  torn  to  pieces  in  the  experiment,  and  tlu;  same  fate  bcfel  a  similar 
machine  of  full  size  subsequently  nuule  for  one  of  his  tenants ;  it  coidd  not 
sustain  the  requisite  velocity,  and  was  therefore  laid  aside.  Meilde's 
attention  was  then  drawn  again  to  the  subject,  and  he  concluded  that  it 
was  necessary  to  adopt  a  rotary  motion  to  beat  out  tlie  grain,  by  means  of 
a  dmm  or  cylinder  on  which  were  placed  beaters  shod  with  iron.  He  made 
a  luodel  in  1785  and  a  machine  in  1786  on  this  principle,  retaining  the 
fluted  feeding  rollers  of  Osley's  machine.  This  machine  was  fixed  for 
Mr.  Stein,  of  Kilbeggie  near  Alloa  in  Clackmannanshire ;  it  may  be  said  to 
be  the  parent  of  our  present  threshing  machines,  and  is  the  same  which  in 
an  improved  form  is  now  in  use. 

In  179 G  John  Steed)uan,  of  Toft's  Fann,  Trentham,  Staffordshire, 
patented  a  threshing  machine,  the  features  of  which  were  a  "  flail  barrel,"  on 
which  were  ten  or  twelve  flails  set  in  motion  by  the  turning  of  the  barrel, 
the  sheaves  being  placed  on  a  circular  moving  floor  to  receive  the  strokes 
of  the  flails.  This  was  the  first  machine  contemplated  to  be  Avorked 
by  steam,  and  the  writer  believes  it  was  so  tried  ;  but  it  did  not  stand  the 
test  of  practical  working,  and  thus  left  Meikle's  machine  to  prove  its 
superiority. 

Meikle  added  blowers  or  fanners  to  clean  or  dress  the  grain  ;  shakers 
to  toss  the  straw,  made  like  rakes  fixed  on  drums  ;  gratings  for  the  corn  to 
pass  through ;  and  elevators  to  lift  the  grain.  Tliese  are  all  in  use  now, 
and  Meikle's  was  accordingly  the  first  practical  threshing  machine  and  the 
first  combined  machine. 

Having  now  brought  the  threshing  machine  down  to  the  point  where 
we  may  assume  the  principle  to  be  determined  and  practically  developed, 
the  mode  of  preparing  the  grain  after  being  threshed  presents  the  next  topic 
for  consideration.  The  earliest  method  is  supposed  to  have  been  by  tossing 
the  grain  in  the  air,  the  wind  caiTying  away  the  chaff  while  the  grain  fell 
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Winnoving  macbiiiM  wrrc  fir»t  introdueed  into  Scotland  in  1710  or 
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vibr.  •  and  fanner  wer*  bruuj^Ut  fon»8rtl  bv   l>r    ' 

in   I'f^-   IU   iioarly   their  pnr««nt  funn.      In  the   WcDtrrii    ii.  f 

ScotUnd  iu   IbVJ  thrrr   was  in  use  a    fan  or   sburrl  made  of  i 

»lrrtchr<d  on  a  hoop  al>out  2  inchea  deep,  two  tierea  or  riddle*  bein. 
Uied  for  I ' 
iu  it,  aii<l 
light  ftubfttanoes  away  from  the  heap  on  which  the  com  falls. 

In  1735    Dr.  TV<ajjulier  from   Holland  br<>'  notice  of 

the  Boyal  Society  of  London  a  contrivance  callta    „  .A  machuie 

or  brllowt.  based  U|>on  Papin's  machine  for  blowing  or  extracting  air  in  a 
continuous  blast  ;  aud  t !  -  ion  of  a  siuiilnr  machiue  to  dreastng  com 

U  noticed  in  the  "  Geiul.  m....  -  .Magarine"  for  May,  1747. 

Dr.  Hairs  in  his  work,  1745,  describes  what  he  calls  a  "  back  heaver," 
consisting  of  a  riddle  put  in  motion  with  a  current  of  air  from  a  fan, 
similar  to  the  present  riddle. 

The  Combined  Threshing  Machine  consists  of  machinerr  to  effect  the 
several   processes   of  threshi  "o.  winnowing,   homing, 

elevating,  separating,  and   ^.>'       ^  _         r  otherwise;  the  machine 

being  all  carried  on  one  (rane,   and  the  whole  put  in  motion  bv  one  belt 
from  the  eu<nue. 

The  first  portable  thresli'-  '  •••—'•ine  on  wit'-'-  -ir,,...  i..  .»-.«!  ^^ 
made  by  Mcasn.  Tu&ford  oi    i  :  1S42,  «  "^me 

frame,  as  ttotiord  in  the  former  pa|Mrr.     The  fir»t  portable  comdtmni  tlu< 

r     ' '      '         '■        •   '      ••  •^"    r,T  Mr.  iu     _ 

i  .;ig  of  ooc  (jiLci 
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part  besides  the  threshing  drum.  Of  fixed  barn  inaehiiiery,  Messrs.  Clayton, 
Shuttleworth,  and  Co.,  of  Lincohi,  witli  whom  the  writer  is  connected,  were 
among  the  earliest  makers,  the  first  fixed  machine  being  made  in  1852, 
previous  to  which  however  several  portable  machines  had  been  in  effect 
fixed  ;  in  1854  by  a  simple  contrivance  the  corn  was  dressed  twice  at  one 
operation  in  the  portable  machines  constructed  by  them;  and  in  1855  the 
machine  was  made  to  finish  and  dress  it  for  market,  separating  the  quality 
of  the  corn  in  a  manner  about  to  be  described,  and  producing  a  superior 
sample.  In  this  way  from  time  to  time  the  threshing  machine  has  been 
modified  and  improved,  and  more  parts  added ;  and  instead  of  the  several 
processes  being  performed  by  so  many  separate  machines,  they  are  now 
combined  on  one  frame,  thus  giving  the  name  to  the  machine. 

Of  Mills  and  Grinding  little  need  be  said  ;  the  rotary  motion  seems  to 
have  been  early  adopted,  and  hand  mills  were  part  of  the  household  fittings 
in  the  East.  Women  used  to  grind,  generally  two  at  one  mill.  Similar 
miUs,  called  "  querns,"  were  in  use  in  Scotland  till  1830  ;  and  hand  mills  of  a 
similar  description  worked  by  women  are  in  use  in  India  in  the  Hindoo 
towns  and  villages,  as  also  in  Abyssinia.  Little  alteration  has  been  made 
in  the  plan  of  doing  the  work,  but  steam  and  other  power  is  now  largely 
applied.  Wind  power  was  common  in  Spain  in  the  sixteenth  centuiy,  and  is 
supposed  to  have  been  introduced  into  France  in  the  sixth  century  for  the 
purpose  of  grinding  corn.  Of  the  earlier  use  of  power  for  this  purpose  the 
writer  cannot  obtain  conclusive  evidence,  nor  of  the  first  application  of 
steam  power  to  the  mill. 

The  Flour  Dressing  Machine  was  invented  in  1675  by  John  Milne,  the 
earlier  method  having  been  to  sift  it  through  "  bolting  cloths ; "  he 
constiTicted  a  cylinder  of  wire,  and  claimed  the  use  of  brushes,  an-anged 
either  parallel  to  the  axis  of  the  cylinder  or  forming  a  screw  or  worm,  the 
brashes,  revolving  in  the  cylinder,  or  the  cylinder  round  the  brushes,  or 
both  revolving  in  opposite  directions.  A  brief  description  of  tliose  now  in 
use  will  be  found  to  be  identical  with  this  machine. 

The  writer  will  now  proceed  to  describe  in  detail  the  various  processes 
through  which  the  corn  goes,  and  to  notice  the  principal  features  of  the 
machines  in  actual  use  at  the  present  time. 
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Kig.  1,  I'Lite  VI.  »huw»  •  louKitudiual  accliou  of  a  I'urUbIc  Tbrnliuif 
XlM*hine.     l*he  •bravo  uf  ooni  haviug  bcrn  uobouml  w  p— eii  to  tlw 

fpnirr.    wli  ■ 

lIl.Mltll      Ut      11.. .       '  ^      ...      „      ...... 

y,  which  Carrie*  il  over  the  ooocave  or  brea»lwork  D.  kratiuir  out  the 
^^niiii  fruiii  the  ran.     Thi  the 

lUnw  I*  titr(.)«ii  iifT  into  till  <  u.iiiKii  i.,  »w»in.i  i.  •' - 

»Uak(-r»  FK,  niul  tlitxiwn  uvrr  the  »tniw  boant  ti. 

motion  nlfto  6r|>iirmtc  the  ttraw,  aiwl  allow  aiiy  grain  that  mav  have  been 
ihruwu  ckfT  fMiii  tlic   !  ^  ' 

boani  froiu  the  cniuk  shaft  I  through  the  couiwctiug  rod  J.  il  U  psMcd 
duwn  to  tbi'  riildli-  Uianl  K,  tu  Hbicb  oii  :!ed 

bv  tlw  iUhcr  cuunccliug  nxi  L  from  au  u, ,  ,  _  —  the 

two  buanb  H  and  K  advancing  tu  each  other  or  reottliug  simultauroukly, 
both  being  suspi-uded  by  liuLa  to  the  framing  and  bwiugiug  loo«e)y  betweeo 
the  hides  of  the  machine. 

The  ^rdiu  lliut  ])<iii«e«  through  tlie  breastwork  D  is  guided  by  the  bent 
pUte  M  80  as  to  fall  ujion  the  top  end  of  the  riddh:  board  K.  In  working 
the  machine  mouy  heads  and  short  straws  full  from  the  brT^atttmurk  ami 
ahakera,  and  a  i-oarse  riddle  or  jx-rforated  pbte  is  put  on  the  tup  of  the 
riddle  board  K.  to  take  them  out  from  the  com  ;  these  "  ravings,"  as  they 
are  called,  pam  over  the  end  of  the  board  K.  and  fall  down  the  caving 
board  N.  The  com  and  all  smaller  substances,  chaff,  &c.,  pass  through 
the  top  riddle  and  duwn  au  iucliiied  board  on  to  a  second  riddle  O  of  a 
finer  mesh  or  perforation ;  here  they  meet  a  bUst  of  air  from  the  fan  or 
blower  V,  wbiob  blows  away  tlu'  oltafT  through  the  opening  Q.  while  the 
grain  which  ib  heavier  falls  into  the  sjmjui  K. 

The  graiu  is  thence  carried  away  by  the  elevator  S,  Figs.  2,  S,  and  4. 
I'Ute  yi.     Thi*  r  of  tias  or  cans  T  ti\rd  on  a 

belt  U,  which  «<  ,  ,  one  at  the  top  aud  the  other  at 

the  bottom.     The  spout  R  of  the  threshing  machine  delivers  the  rum  into 
th'  -lioe  of  the  elevator;  lhecan»   T  h  I  round  bv  power 

api u^h  a  belt  to  the  spindle  ••«    '•■••,,...,>,    ,   take  up  the  grain, 

and  in  tumin^  over  the  upjter  pullc\  it  into  the  <pout  W,  witioh 

furms  a  hopper  for  it ;  thence  it  pasi>es  to  the  ueit  proce»» 

The  dmm  C,  Fig.  1,  of  the  threshing  maehiue  i»  shown  m  u.iir  moOi- 
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lications  in  Figs.  S  to  15,  Plate  93.  That  shown  in  Fig.  8  is  composed 
of  rings  A  supported  by  arms  B  ;  on  these  are  lixed  the  wood  beaters  C 
shod  witli  iron,  liaving  a  tilling  piece  D,  also  plated  with  iron,  inserted  in 
iVont  of  each  boater,  to  ])revent  the  straw  being  carried  round  with  the 
dnnn  instead  of  being  passed  away.  Fig.  9  shows  a  close  drum  made  of 
jdate  arms  B  and  angle  iron,  with  angle  iron  beaters  C  having  wood 
supports.  Fig.  10  represents  a  drum  now  in  use,  having  wood  beaters  C, 
over  which  wires  E  are  strained  ;  on  the  top  of  these  are  bolted  the  beater 
plates  F,  which  are  grooved  in  the  face,  as  shown  in  Fig.  11,  the  object  of 
the  grooves  being  to  allow  the  grain  to  pass  into  them,  and  prevent  it  from 
being  broken  as  was  the  ease  with  plain  straight  beaters. 

The  breastwork  D,  Fig.  1,  is  shown  in  detail  in  Fig.  10.  It  consists  of 
a  frame  made  in  two  portions,  the  upper  part  from  G  to  II  being  of  wood, 
and  the  lower  part  from  H  to  I  of  iron;  these  are  carried  by  iron  rods  passing 
across  the  machine  at  the  three  points  G,  H,  and  I,  which  aftbrd  the  means 
of  adjusting  the  position  of  the  breastwork  by  means  of  screw  adjusting- 
pieces  at  the  sides  of  the  machine,  so  as  to  bring  it  nearer  to  or 
farther  from  the  dram,  as  may  be  requii'ed.  The  adjustments  at  G  and  H 
being  horizontal  sliding  adjustments,  and  that  at  I  vertical,  a  slot  J  is 
required  at  the  outer  extremity  of  the  frame,  in  which  the  rod  I  works. 
The  distance  between  the  breastwork  and  drum  is  gradually  contracted  from 
the  top  towards  the  bottom,  to  ensure  the  whole  of  the  straw  being  exposed 
to  the  action  of  the  drum  ;  this  distance  is  sometimes  about  1-|  inches  at 
the  top  and  reduced  to  only  I  inch  at  the  bottom,  but  the  adjustment  is 
dependent  upon  the  state  of  the  grain.  The  upper  half  of  the  breastwork 
is  furnished  with  transverse  strips  or  ribs  of  wrought  iron  K,  about  1|  inches 
wide  by  i  or  f  inch  thick,  let  in  to  the  sides  of  the  framework ;  these  are 
])erforated  with  holes,  through  which  a  set  of  wires  are  passed,  forming  a 
concave  gi-ating  to  prevent  the  straw  from  getting  through.  The  lower 
half  of  the  breastwork  is  a  frame  of  iron  bars  D  also  covered  with  wire. 
Strips  of  bar  iron  L  rolled  with  one  or  two  longitudinal  grooves  are  fastened 
on  the  wooden  frame  of  the  breastwork,  projecting  slightly  to  prevent  the 
straw  from  passing  too  quickly  without  being  thoroughly  threshed.  The 
straw  is  guided  from  the  breastwork  to  the  shakers  by  the  jilate  M. 

Another  plan  of  breastwork,  invented  by  Messrs.  Bari-ett,  Exall,  and 
Andrewes,  of  Reading,  is  shown  in  Fig.  12,  formed  by  a  series  of  flat  bars  1), 
licld  in  their  places  by  the  sides  of  the  machine  in  which  slots  are  cast ;  the 
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ban  wv  all  moreiil  tn(cHbrr  lo  or  fruiu  the  Unuii  S  '-  -  --■'•■•  •»'-•-  k*  t'-trt. 
IS  aiul  14,  in  nhicli  ihrtr  rtid*  itwl.  ami  arr  t).  J 

di»lAtK«  fhmi  the  drum.     IV  ftlaii  of  drum  adupted  m  eoniMctiatt  wtUi 

thi    '        ..--.....  .         .    --...(jona. 

Th.  i  beiaff 

complcicid  by  a  hoop  A  on  (he  outaide,  oo  which  are  fi&cd  the  wrouglU 
inm  braUrr  plates  (\  of  the  ftinii  -  .re 

mad«  of  flat  iron,  rullr<l  ur  prrM<  .    ■  ,  ..  .n, 

M  tboan  iu  Fig.  15,  to  that  any  grain  they  may  oollrcC  may  paM  into  the 
drum  until  it  ran  find   its  way  again  to  the  (  1).     Thi*  healer 

•eema  to  be  luon-  p(-rf«-ct  in  it^  mechanical  cu:.  ..  than   the  othm 

where  wood  and  iruu  are  UMtl  tu'^'rthrr. 

Figs.  16  to  21.  Plate  94,  show  three  modifications  of  the  straw  shaker  F, 
Fig.  1.     Figs.  IG  and  17   r    -        •       '      '      •  >        -    .      -       ,  ^f 

the  two  positions  o(  a  "  i.>  uf 

rails  or  bars  FF  attuchetl  altt-niately  to  two  frames  U(i,  actuated  at  both 
ends  by  tbt  •  >grther 

by  means  of  (  .       .  r^       ^  .»nd  19 

show  a  "box  shaker."  consisting  uf  a  set  of  boxes  FF  covered  with 
perforated  sheet  iron,  or  a'ith  sloping  strips  of  thin  hoop  iron,  as  shown 
dotted ;  the  boxes  are  carried  at  one  end  by  radius  links  G,  and  the 
other  entls  are  attached  to  double  cranks  on  the  shaft  H  which  give  the 
alternating  movement,  the  boxes  thus  rising  and  falling  to  receive  or  deliver 
the  straw  the  one  to  the  other,  and  the  rotary  motion  of  the  cranks  also 
earning  it  futMurds  as  in  the  former  case. 

An  improvement  u]X)n  these  two  methods  is  shown  in  Figs.  20  and  21. 
The  great  fault  uf  th<-  '  .s^ing  so  :  \» 

through;  while  the  oL^  .     ._ _    ..=  that  an\   .,._ .^t 

had  been  thrown  by  the  drum  to  the  outer  end  of  the  chamber  K,  Fig.  1. 
was  carti  with  the  struw  o\tr  the  end  of  the  shaker,  in  consequence 

ofthevr!  •'  ■  •••' -   -i   '— 1--'  •■•  '•    ■•   '  1 -y^ 

only  ah.  ;» 

the  new  bhaker,  Figi.  io  and  ii,  was  invented  by  Mr.  Jamra  tiood,  of 
Limx)hi.     The  piinciph;  on  •  '     '     '  '    '  '  '       ..f 

the  ordiiiar)   box  shaker,  i.  ■^e 

Utter  has  the  crank  bearings  at  the  aame  end  for  all  the  boxes  and  tbe 
radius  links  G  at   the  other  end.  in  the  |)resent   shaker  the   boxes   aru 
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supported  by  the  links  alternately  at  opposite  ends,  the  crank  shaft  H 
being  thus  between  the  links  G ;  or  in  other  words,  the  crank  shaft  II  may 
be  said  to  be  moved  to  tlie  middle  of  the  length  of  the  boxes,  and  half  of 
the  boxes  to  be  tlien  turned  roinid  end  for  end.  Thus  while  the  ends  that 
are  attached  to  the  links  close  to  the  drum  rise  only  so  much  as  is  due  to 
the  vibration  of  the  rocking  links,  the  ends  of  the  other  boxes  have  a 
considerable  lift  imparted  to  them  from  the  crank ;  in  the  centre  of  the 
length  of  the  boxes  just  over  the  crank  shaft  H  the  lift  and  throw  are  the 
same  as  in  the  most  effective  part  of  the  old  shaker  ;  and  again  at  the  outer 
end  the  straw  is  tossed  by  the  loose  ends  of  the  boxes,  while  only  a  passing 
or  horizontal  motion  is  given  by  the  others.  This  is  known  as  the  "  cross 
shaker,"  owing  to  the  boxes  moving  crosswise,  or  alternately  up  and  down. 
In  the  shaker  shown  in  Fig.  1  there  are  five  boxes,  two  working  on  links 
at  the  end  of  the  machine,  and  the  three  alternate  boxes  vibrating  on  links 
at  the  end  nearest  the  drum  ;  the  inner  ends  of  the  latter  are  prolonged,  to 
allow  for  the  throw  of  the  crank,  and  are  attached  by  means  of  an  angle 
iron  to  a  cross  bar  Z  extending  across  the  machine  and  carried  by  two  links 
outside  the  framing,  one  on  each  side,  as  showai  dotted,  thus  avoiding  any 
links  inside  the  machine. 

There  is  another  shaker,  invented  by  Messrs.  T.  and  H.  Brinsmead,  of 
St.  Giles',  near  Torrington,  Devonshire,  which  is  worthy  of  mention,  as  the 
features  of  it  are  so  different  from  those  of  every  other  shaker.  Immediately 
over  an  inclined  plane  of  wood,  and  sufficiently  above  it  to  allow  them  to 
revolve  without  touching  it,  are  placed  transversely  and  therefore  horizontally 
a  series  of  triangular  prisms  of  wood,  armed  at  their  edges  with  ciu'ved  iron 
teeth,  so  arranged  that  as  the  prisms  revolve  the  teeth  of  each  pass  between 
those  of  the  two  adjoining  prisms.  The  prisms  being  made  all  to  revolve 
sinmltaneously  in  one  fbreetion,  either  by  cranks  on  the  ends  of  the  spincUes 
coupled  together  by  one  rod,  or  by  a  train  of  wheels,  the  straw  which  falls 
on  those  at  the  lower  end  of  the.  plane  is  tossed  and  carried  upwards  by 
the  action  of  the  teeth  as  they  rise,  which  also,  as  they  pass  down  again 
between  the  teeth  of  the  prism  next  above,  deliver  the  straw  on  to  these 
last,  and  sweep  down  to  the  bottom  of  the  plane  the  corn  and  any  short 
straw  that  has  fallen  through.  At  the  bottom  of  the  plane  is  a  curved  wire 
netting  through  which  the  corn  readily  passes,  but  which  stops  the  passage 
of  any  straw ;  and  the  revolving  teeth  of  the  lowest  pi-ism  rake  up  the  straw 
again  as  it  accumidates,  and  toss  it  upwards  and  onwards  as  at  first. 
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TV  tHo»«in^'  iHKtn!  H  —  '  ■>-  -  '  "-  ' '  »■     *- ■  ■    '    -   ■      !|y 

backwaixi*  uul  forwanb  iiuprtlrd  Itie  intrMluctioo  uf  portal 

Th.  --.-■.  .  ■•       • 

K-  .        '  .  1.1 

of  uiakitiK  the  {wrlable  niachiiio  the  uicful  antl  »tradjr  fann  imptrmcnt 
that  It  \\a*  box>inr        )  •!• 

in  opiJOMtr  liimii'ii''  .,.  ^....ug 

wri^bt  uf  both. 

I1ic  rlrvator  S,  Kt^.  i,  3,  and  4.  baa  bcni  tl  ia  a  form 

irracrally  in  use.  Another  kind  uf  rWutor  al'^-  n,  u-  i~  I'MUftl  of  thcrt 
iruu  brut  ruuud  a  spindle  ui  a  bpirul  form,  wtirLin^  in  a  trough  cuncd  to 
the  radius  of  the  outside  uf  the  worm  and  tuui-hiug  it,  thus  winding  the 
rt>m.  kc,  that   falls  iiitu  tlu-  truu^rh  ■  t; 

but  as  it  must  iK*«vss4irily  be  kept  ut  <  .'jr 

is  not  so  general  in  its  iipplication  as  that  preriuusly  described,  nor  ncarlj 
so  cheap  in  >u.     It  is  used  in  the  American  machines  and   by 

^Ii-%-r>     lliii;.    .  .   >ull8. 

From  the  spout  W,  Fig«.  2,  S,  and  4,  the  grain  is  delivered  into  the 
hopper  X  of  the  Cum  Dressing  ^(achiue,  and  then«  into  the  barley  homer  V, 
which  is  »hown  more  fully  iu  Figs.  22  to  25,  Plate  94.  It  is  here  8ubj<i-ted 
to  the  action  of  a  number  of  knives  fixed  on  a  spindle,  which  loosen  the 
husks  or  whites  of  the  wheat  and  cut  the  ears  or  boms  off  the  barley. 
Independently  of  the  iiicliuird  j>u»iiiuu  of  the  Ixirley  huruer,  the  grain  is 
kept  in  motion  by  the  "set"  of  the  knives,  which  are  in  a  spiral  form. 
Motion  is  given  to  the  spindle  by  a  pulley  r  '»•  end. 

The  grain  and  louse  ears  pass  from  the  L  uer  into  the  mouth  B 

of  the  dressing  machine,  and  are  met  in  their  descent  by  a  current  of  air 
from  the  (an  or  blower  P,  which  clears  the  irrain  uf  .,1  ears  that 

may  have  been  leA  in  it;  the  grain  falling  upon  the  ...........  \nMud  M  is 

oonduded  to  the  riddle  k,  which  is  carrii-d  upon  the  links  A  A,  Kig.  2,  and 
has  motioB  communicated  to  it  by  the  craidi  at  the  end  of  the  spindle  C. 

Any  stones  or  ears  that  may  have  trut  iu  are  hi  r    •  ' '  \  er 

the  riddle  K  into  the  6{)uut  l>,  wlu-iuv  they  are  <  ■   ly 

•pout  E.  The  grain  on  (ailing  tluxNigh  the  ridiUe  is  caught  by  a  fine  wire 
iie«-e  O,  through  which  all  small  seeds  pass  and  are  carried  also  to  ike 
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spout  E.  The  grain  passing  over  this  sieve  is  swept  by  a  current  of  air 
taken  from  the  back  of  the  blower  P  by  the  passage  F,  by  which  it  is 
effectually  cleaned  of  any  lighter  seeds  that  may  be  too  large  to  pass  through 
the  sieve,  and  also  of  any  chaff  that  may  have  been  loosened  from  the  grain 
by  the  riddling.  The  board  G  carries  the  grain  to  the  mouth  of  the 
revolving  sieve  or  screen  H,  which  receives  a  rotary  motion  from  the  wheels  J. 
The  small  imperfect  corn,  or  "  light "  corn,  falls  through  the  first  meshes 
into  the  spout  L ;  the  mesh  being  tben  altered  and  widened  allows  the 
broken  com  and  a  larger  size,  or  "  tail "  com,  to  fall  througb  into  the  spout  N ; 
while  nothing  but  the  best  corn  can  find  its  way  to  the  spout  Q,.  A  simple 
apparatus  is  here  fixed,  consisting  of  a  weighing  macliine  with  rods  and 
bell  cranks  so  arranged  as  to  shut  off  the  delivery  and  ring  a  beU  when  the 
scale  falls.  A  bushel  of  corn  weighs  60  lbs.,  and  four  bushels  make  a 
sack;  and  the  weight  of  the  sack  itself  being  7  lbs.,  247  lbs.  is  therefore 
the  weight  to  be  put  in  the  scale ;  and  the  empty  sack  is  held  open  to  the 
spout  Q,  by  means  of  rods  fixed  on  this  scale  of  the  machine.  When  the 
four  bushels  of  com  are  delivered  the  scale  falls,  loosing  the  catch  of  the 
sMe,  which  immediately  shuts  and  allows  a  bell  that  has  hitherto  rested 
upon  the  top  of  it  to  swing  clear  and  ring,  thus  calling  the  attendant  to 
put  a  fresh  sack  on  and  re-open  the  slide. 

The  whole  process,  from  the  time  when  the  com  in  the  straw  is  fed  to 
the  threshing  machine,  Fig.  1,  to  the  time  when  the  grain  dressed  and  sorted 
for  market  is  sacked  in  half-quarter  quantities  from  the  spout  Q,  Fig  4,  is 
thus  entirely  self-acting ;  and  in  this  time  the  following  separations  are 
made: — straw — cavings — chaff — seeds — light  com — tail  corn — best  corn; 
— besides  dust,  which  must  inevitably  be  mixed  up  with  the  straw  at  first, 
and  which  is  blown  away  in  the  process. 

The  Portable  Threshing  Machine  is  now  so  aiTanged  as  to  combine  the 
dressing  and  separating  process  with  the  threshing  and  winnowmg  in  one 
machine  ;  and  a  brief  description  of  the  Combined  Machine  will  suffice  to 
explain  the  arrangement. 

The  riddle  boards  K  and  0,  Pig.  1,  are  divided  longitudinally  and 
vertically  into  two  parts,  as  is  also  the  blower  or  fan  P,  thus  forming 
two  distinct  sets  of  blowers  and  riddles.  The  corn  passing  through  the 
first  set,  as  in  Pig.  1,  arrives  at  the  spout  K  as  before  described,  from 
which  it  is  taken  up  by  elevators  and  passed  into  the  hopper  of  a  barley 
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linnuT  \  iilacctl  uinlrr  llicdickry  A  of  tin*  |K.rtnl)l«'  macliinr  It  i»  thus  im»M-«l 
to  tho  other  sidf  of  the  inncliiiie',  whrrt-  it  fall"*  tlowii  in  front  of  the  M-<-imd 
half  of  the  (livi(htl  hh)wer.  porre8|M)n(liii{(  to  the  blower  F  in  Fig.  4,  upon 
the  new  or  (wcoiul  set  of  ritldh's.  i-orn'sjKnulinj^  to  the  riihlleH  k  uiid  O  in 
Fi^j.  4,  down  to  n  jut-ond  s|M)ut  (•orn*»|>ondiii'(  to  the  sjxmt  H  on  the  other 
side  of  the  machine.  It  is  here  uj^iin  taken  up  by  another  set  of  elevators 
and  dischargeti  into  the  hop|K*r  B,  Figs.  5  and  6,  jjaHsing  through  the 
revolving  screen  11,  and  being  deliveretl  as  before,  the  light  com  by  the 
spout  L,  the  tail  at  N,  the  l)est  at  Q.  and  the  seeds  and  dirt  at  EE. 

Ill  this  sepanitor  a  blower  P  i*  fixed  either  above  the  machine  and 
screen  case  II,  to  blow  all  chaff  and  seeds  out  before  passing  into  the 
screen,  as  in  Fig.  5,  or  at  the  end,  as  in  Fig.  6.  The  latter  plan,  shown 
in  Fig.  6,  is  the  invention  of  Mr.  Nulder  of  Alvescot,  Oxfordshire,  the  corn 
being  subjected  to  the  action  of  the  bla.st  while  on  the  screen  and  in  falling 
from  it.  The  arrangement  however  shown  in  Fig.  5,  by  Messrs.  Clayton, 
Shuttleworth,  and  Co.,  of  Lincoln,  is  found  to  be  an  improvement,  and  has 
been  ndoptetl  in  place  of  the  other  arrangement  in  their  machines.  The 
plan  first  tried  was  to  blow  up  the  screen  ;  then  under  ;  then  up  and  under  ; 
but  in  the  last  plan,  shown  in  Fig.  5,  the  chaff  and  light  com  are  blown 
out  before  reaching  the  revolving  screen  11,  and  consequently  power  is 
saved  ;  and  experience  shows  that  a  better  sample  is  obtained  by  this 
arrangement.  In  both  the  plans  shown  in  Figs.  5  and  G  bmshes  ZZ  are 
fixed  above  the  revolving  screens  H  to  keep  the  wires  clear.  The 
separating  apparatus  is  fixed  on  the  side  of  the  portable  threshing  macliine, 
and  the  grain  is  delivered  in  the  same  sejiarations  as  eimmenUed  previously. 

The  action  of  tlireshing  is  still  supposed  by  many  to  lie  a  continuous 
series  of  blo^rs  ;  by  others  to  consist  of  riMimj  between  the  beaters  and  the 
surface  of  the  breastwork ;  and  by  others  airaln  to  be  the  combination  of 
the  two  actions. 

In  the  present  machines  in  this  country  the  straw  is  fetl  acro-s  the  dmm 
so  as  to  allow  the  drum  to  "  boult  "  it,  or  carry  it  through  without 
twisting  or  breaking  the  straw,  which  is  with  many  fanners  a  seriou« 
consideration.  In  the  old  machines,  and  in  the  present  American  machine*, 
the  straw  is  broken  up  by  means  of  pegs  on  the  dmm  and  breastwork ;  but 
as  the  Koyal  Agricultural  Society  take  notice  of  the  state  of  the  straw, 
whether  it  is  broken  or  not,  it  has  become  an  object  to  preserve  it. 
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"With  regard  to  the  riddles,  the  top  riddle  plate  K,  Vig.  1,  is  coarse  in 
the  openings,  to  allow  the  corn  to  pass  through  freely ;  the  second  riddle  O 
is  finer  ;  and  in  the  combined  machines  with  the  split  blower  and  riddles  the 
third  and  fourth  riddles,  corresponding  to  K  and  0  in  Fig.  4,  are  each 
finer  than  the  one  before  it.  The  riddles  arc  sometimes  made  of  wire 
netting,  and  sometimes  of  wood  perforated  at  an  inclination,  as  invented 
by  Messrs.  E.  and  T.  Humphries,  of  Pershore ;  but  more  frequently  of 
punched  sheet  iron. 

The  next  process  through  which  the  grain  has  to  pass  is  grinding, 
breaking,  or  kibbling,  as  it  is  called,  according  to  the  degree  of  fineness  of 
the  meal  required.  Several  methods  have  been  proposed,  but  the  old  plan 
of  one  stone  revolving  above  another  which  is  fixed  is  still  found  as  good 
and  economical  as  any.  Fig.  7,  Plate  93,  shows  a  vertical  section  of  a 
Portable  Corn  Mill  constructed  on  this  plan.  The  corn  being  fed  into  the 
hopper  A  is  shaken  down  the  spout  B  by  the  damsel  C,  working  against 
the  spout,  into  the  eye  of  the  upper  or  running  stone  D,  whence  it  gets 
into  the  furrows  of  the  two  stones  D  and  E,  passing  out  from  them  as  meal 
into  the  casing  E,  from  which  it  is  carried  off  by  the  spout  Gr.  Motion  is 
given  to  tbe  runner  D  from  the  pullies  H  through  the  shaft  I  by  means  of 
the  mitre  wheels  J  to  the  vertical  spindle  K ;  at  the  top  of  the  spindle  are 
two  studs,  on  which  rides  the  casting  L,  which  also  in  its  turn  carries  the 
running  stone  D  by  the  two  steps  O.  The  damsel  C  being  fastened  in  the 
casting  L  receives  motion  from  it.  The  bed  stone  E  is  adjusted  by  the  set 
screws  MM ;  and  the  sci-ewed  wedges  N  keep  the  wood  packing  against 
the  spindle  K.  The  coarseness  or  fineness  of  the  meal  is  regulated  by  the 
hand  wheel  P  working  a  worm  gearing  in  the  worm  wheel  Q,,  which  is 
keyed  on  the  top  of  a  brass  bush  resting  in  an  outer  bush  or  seating,  with 
a  square  thread  cut  in  the  two  bushes ;  thus  by  turning  the  wheel  P  the 
worm  wheel  Q,  causes  the  inner  bush  to  turn  in  its  seat  on  the  thread, 
thereby  raising  or  lowering  the  spindle  K  and  with  it  the  upper  stone  D. 
The  hand  wheel  R  acts  as  a  nut  upon  the  screw  S,  raising  or  lowering  the 
spout  or  shoe  B  and  thus  diminishing  or  increasing  the  feed  to  the  stones. 
The  object  of  these  mills  on  farais  is  to  break  wheat,  barley,  oats,  &c.,  into 
meal  for  food  for  man  and  beast ;  it  is  only  worked  occasionally,  and 
therefore  the  an*angements  for  cooling  the  flour  and  meal  are  out  of  place 
here.     Several  mills  with  iron  and  steel  plates,  edge  stones,  &c.,  have  been 
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I 

tatrcMlucnd,  •bowini;  ftMt  inKonaily.  but  thajr  •<«  unavoitiAblt  paMcd  ot«r 

in  ihr  pnrftrtit  pninr. 

Thr  KUiitr  1  >rr*«in|e  Marhtnc  coiuitU  of  %  n*f  an  iarlined 

evlintirr  of  wiir  piuae  of  TBiiotu  drgrvM  of  ior'  .ilr  puMaK 

akni:;  the  rriitir  «>i  A 

»rt  of  brutkes,  >^L — i  -  -. -      -        -     "• 

per  minute.  The  med  or  broken  com  m  psMrd  into  one  end  of  tka 
nrliiiiirr,  mm!  the  fine  flour  falU  at  once  t  -t 

coni|Mirluient  ;  In-  v -  ■■'"  •'-  ' — '  ■  -  .^,  .ii« 

wirr  lite  or  ail  !u  j  itcrfina 

— seconds — thinlit — hne  aharps— ooarae  sharpa — bran  ; — m  other  machinea 

'.ran;— cadi 
!  niakea  the 
be«t  description  of  flour,  the  tail  a  coarser  sort,  and  the  li^ht  corn  ooaraer 
»till ;  the  seeds  remain  as  food  for  poultry  or  to  be  thrown  away. 

The  smaller  implements  mentioned  before  a«  forminir  part  of  the  bam 
works  are  of  modem  'n,  and  have  '  'r 

science  to  assist  the  j(...vw..w  ^j;riculturist.  '1;.-  ,  .w.^.....,  ..-.  ^w.^iut-s 
those  in  most  general  use :  — 

liniccd  and  Com  Crachert 

t  '*«. 

.cT«. 

( .     .,  (.'nuher*  or  I'utten. 
( 'ill  Ac  Cruthtrs  or  Breaker*. 

The  Linseed  and  Com  Crushers  have  been  introdnoed  to  efleei  a  Mring 
in  the  quantity  of  com  necessar>'  fur  animals,  as  the  cmshin);  or  bruising 
ensures  the  whole  of  the  nulriment  contaiix-d  it  d 

available,   iiiateatl  of   the   aiiimul   swallowing;   t;.     .   _  .       ,..-,,  ;:y 

masticating  it.  The  process  is  simple  ;  the  G^nin  is  meiely  passed  between 
plain  or  groored  roUtrs,  crusbin<r  not  .  the  object ;  the  bulk 

is  thereby  increased  at  least  one  thiril,  .n.  -  ••■  •'■?  same 

ratio.     This  idea  is  really  of  ver^'  old  datr.  ptiou. 

having  been  rfcommended  by  Hartlib  in  165U. 

Tlie Chaflf  Cutters  ;(!  '     with  two  or  more  '».  ..m-  >li.ii>r.l  o.:ii-..\c-  or 

t>.TnTei  towards  the  txl<g.  ;  on  a  shaft  earn*  iu^_  a  ii_\  u  iu-t-i       A   icrd 

motion  is  attached  to  bring  the  straw  or  hay  up  to  the  knirea.  the  straw 
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being  placed  in  a  box,  and  the  knives  working  across  the  end  of  the  box 
and  close  against  it.  The  length  of  the  cut  is  variable,  and  may  be  altered 
from  about  i  inch  to  3  incheS  by  adjusting  the  amount  of  the  feed. 

Turnip  Cutters  are  discs,  arms,  or  plates  of  metal  with  knives  or  cutters 
to  pare  or  slice  turnips  or  other  roots,  which  lie  against  the  knives  by  their 
own  weight ;  the  roots  are  cut  in  slices  for  cattle,  and  in  strips  for  sheep, 
cross  cutters  being  then  introduced. 

Gorse  Crushers  are  made  with  toothed  rollers  to  bruise  the  gorse  for 
feeding  beasts  which  eat  it  with  avidity ;  it  is  crushed  by  the  machine  to  a 
harmless  pulp,  and  cut  into  short  lengths. 

Oilcake  Breakers  are  made  with  toothed  rollei's,  by  which  the  cake  is- 
taken  hold  of  and  broken,  the  cut  being  adjusted  by  set  screws  so  as  to 
regulate  the  degree  of  fineness  required,  according  as  the  cake  is  being 
broken  for  cattle  or  sheep  ;  the  dust  fi"om  the  cake  passes  through 
a  grating. 

The  results  of  experience  with  the  several  machines  have  led  ta  the 
adoption  of  the  following  speeds  of  working  as  the  most  eligible  for  the 
purpose : — 

The  speed  of  the  drum  of  the  threshing  machine  is  found  to  be  best  at 
about  5000  feet  of  the  circumference  per  minute. 

Tlie  straw  shaker  should  pass  the  straw  at  the  rate  of  75  to  80  feet 
per  minute. 

Tlie  shogging  board  and  riddle  board  should  be  worked  at  about 
200  revolutions  of  the  crank  per  minute. 

The  blowers  should  run  at  about  2000  feet  of  the  circumference 
per  minute. 

The  barley  horner  spindle  shoidd  make  400  to  500  revolutions 
per  minute. 

The  elevators  should  work  at  100  to  150  feet  per  minute,  but  the  rate 
is  dependent  upon  the  quantity  to  be  taken  up,  and  it  may  sometimes  be 
found  necessary  to  quicken  the  speed. 

The  best  speed  of  a  3  feet  stone  for  a  mill  similar  to  the  one  described 
is  found  to  be  about  140  to  150  revolutions  per  minute,  or  about  1400 
feet  per  minute  of  the  circumference,  instead  of  1550  to  1600  feet  per 
minute  as  given  by  the  ordinary  rule,  the  lower  speed  giving  the  greatest 
quantity  of  work  done  for  the  least  amount  of  power  expended. 
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The  siiiulk-r  tu.ti.'liiiic8  are  nut  m>  delicate  i^  '>re 

more  ile|>eudcttt  ujkih  tlie  kiuJ  uf  sttitf  they  ui  >t 

U  in,  aiiil  therefore  do  not  allow  of  any  tixcd  rule,  although  each  maker 
reoomiueuds  a  particular  »])ecd. 

The  growth  of  the  threshing  machine  having  been  traced  from  the  aimple 
threshing  drum  und  breastwork  to  the  complete  machine*  now  in  u«e,  an 
inten-»ti:  '  ^  lied,  which  was  tried  ot  the  meeting 

of  the    \  ~         ,)•  "•    UiiKjn,    in    1^54,  to  a&ctrtam 

the  poMer  consumed  by  the  sevend  parts  of  the  machine. 

A  combined  fixed  muchiiie  with  u  dressing  opparutus  us  bcfiuc  !■  -.  i  ^cJ, 
made  by  Messrs.  Clayton,  Siiullleworth,  and  Co.,  required  615  hoiic-  power 
to  drive  it  when  at  work,  and  1  77  horse  power  when  empty,  leaving  4  38 
horse  power  available  for  doing  the  work.  This  machine  threshed  200 
sheaves  of  wheat  in  13S0  minutes,  and  the  jwwer  expended  was  accordingly 
615  horse  power  for  13  80  minutes,  equivalent  to  .8487  horse  [xjwcr  for 
one  minute ;  or,  multiplying  by  33000  and  dividing  by  200,  the  power 
expended  was — 

14004  units  of  power  to  thresh  I  sheaf  of  wheat, 
(one   unit  of  power   being  one  pound    weight    raised    one    foot    high). 
The  1"77  horse  power  required  to  drive  the  machine   when  empty  was 
dirided  as  under  : — 


Dressing  Machine      

"37  horse  power 

Elevator    .  . 

11 

Shaker  and  Riddle 

■28 

Blower      

•20 

Dram  and  Shafting 

.     -81 

Total     .  . 

.  .   r77  horae  power. 

A  similar  machine  made  by  Messrs.  Garrett  and  Sons  required  4  2S 
horse  power  to  drive  it  when  at  work,  and  270  horse  power  when  empty, 
leaving  1  53  horse  power  available  for  doing  the  work.  This  machine 
threshed  200  sheaves  of  wheat  in  22  GS  minutes,  and  the  power  expended 
was  accordingly  4- 23  horse  power  for  22  68  minutes,  equivalent  to  95  94 
horse  power  for  one  minute  ;  or,  multiplying  by  33000  and  dividing  by  200, 
the  power  expended  was — 

15ti30  uoita  of  power  to  thresh  1  sheaf  of  wheat. 
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The  2-70  horse  power  reqiiired  to  drive  the  machine  when  empty  was  divided 
as  imder : — 


Dressing  Machine     

"34  horse  power 

Elevator    

...     -28 

Siioclvboard  and  Pulley 

...     -39 

Blower  and  Drum      

...   1-46 

Main  Shaft  and  Shal<er 

...     -23 

Total     ... 

...   2'70  horse  power. 

The  power  expended  iu  threshing-  1  sheaf  of  wheat  has  been  gradually 
increased  from  about  6000  units  in  the  earlier  machines  by  the  additions  iu 
successive  years  of  farther  apparatus  to  render  the  process  more  complete, 
several  operations  being  combined  in  the  one  machine. 

Taking  a  similar  basis  of  calculation,  the  power  requii-ed  to  work  the 
portable  corn  mills  and  smaller  barn  implements,  as  reduced  from  the 
average  results  of  the  trials  at  the  show  of  the  Eoyal  Agricultural  Society 
in  1855,  is  as  follows  : — 

Portable  Corn  Mills,  about  9000  units  to  griud   1  lb.  of  coi-n. 

Corn  Ci'ushers,  —  3600     • —    to  crush  1  lb.  of  liuseed  or  oats. 

Chaff  Cutters,  —  2200     —   to  cut      1  lb.  of  chalf. 

Turnip  Cutters,  —         150     —    to  cut       1  lb.  of  turnips. 

ni    1-    Ti.    i-   .        J    —         1^^     —    to  break  1  lb.  of  cal<e  for  cattle. 
v.'iicaKe  xsreaKers,       i  o^^n  xi^iin      e      i     j^      i 

'       K   —         <3oO     —    to  break  i  lb.  ot  cake  tor  sheep. 

The  cost  of  threshing  by  flail  added  to  the  cost  of  leading  the  straw,  &c., 
from  the  stack  to  the  barn  was  Ss.  hd.  per  quarter  of  corn  in  1851,  as 
reported  by  Mr.  Pusey  from  his  own  knowledge  and  at  the  prices  and  rates 
he  was  himself  paying.  In  threshing  with  horse  machines  the  cost  was 
reduced  to  24-.  per  quarter;  but  with  the  engine  and  portable  threshing 
machine  the  cost  of  "  barning "  is  done  away  with,  and  the  expense, 
allowuig_  Is.  per  day  for  the  use  of  the  machine,  wear  and  tear,  &c.,  was 
reduced  to  9 J.  per  quarter,  showing  the  important  saving  of  62  per  cent. 
over  the  horse  machines  and  78  per  cent,  over  the  hand  threshing.  A 
subsequent  trial  was  made  at  Beverley  in  1851,  when  the  actual  cost  was 
reduced  to  Id.  per  quarter,  still  leaving  75.  per  day  for  the  machine ;  but 
the  nett  cost  of  threshing  and  finishing  a  quantity  of  corn  in  the  method 
described  previously  may  be  said  to  be  now  %d.  per  quarter,  this  sum 
jicluding  all  expenses  of  dressing  the  corn  for  market. 


A  trial  of' 
marliiiir   thrrsl , 

8S0  lb».  uf  tXMll  III  '6\  liotltn  ,    V  , 

•ttarbnl  to   it  fur   fiiiitihiii;;,   tlin-*U(^t    aiui    liiiuhrd   for  tuarkrt  in    Um 

■MM'  tiui-      '        ■     ■'■  '  '      ■         y^j^ 

diwdvaiit  .ladi 

kavin((  fallen  bv  lot  to  it.     A  »titck  of  \w\ey  ira«  thre»brd  aud  finubnl  by 
the  accoii'I 

making  til  ;j 

bare  yielded  73  quarters  of  barley,  or  at  tbe  nt«  of  11-28  quarters  per 
hour;   the  rn<rinr  cmplnvcil  «;«><  (if  7  I:  r 

In  couclusiou,  sliuultl  ti  be  iU»irr«.l  i» lUt  pment  aul';*-  *  •■■  ''•-•''I 

operations,  the  writer  will  be  buppy  to  prepare  a  paper  in  fur;  ! 

that  object,  us  it  ia  one  possessing  such  unireraal  intcmt  at  tbe  prtMrut 
time  and  ^jierially  requiring  the  attention  of  mechanical  engineers. 


The  Chairman  luul  no  doubt  there  were  many  present,  who,  Uke 
himself,  btul  not  oAeu  bad  the  pleasure  of  hearing  a  paper  contaiuii)'/  <"• 
much  interesting  matter,  and  had  never  been  so  fully  acquzunted  previ  . 
with  the  history  of  the  various  processes.  The  improvement  of  agricultural 
implements  and  adaptation  of  mechanical  jwwers  1:  '  '  need  mosl 
rapidly  in  the  last  few  years,  and  grfat*'r  pru^Tcss  hud  .  L>een  made 

in  that  time  than  during  the  whole  period  preceding.     Mechanical  science 
had  never  yet  l)eeu  mj  fiii'  1   purpc>»e«  ,   and  he  had 

no  idea,  tUl  the  present   ^  ^  -ich  |>erfcclion  had  been 

arrived  at.     The  great  advance  that  had  been  made  was  well  eiempliiied 
in  the  price  |Nud  for  threshing;  it  was  in  ;  tLut 

W.  per  bushel  had  been  paid  for  hand  thr<. ...,,  ....v.   ..   »,.^.v...,w  tiiat 

threshijig  was  now  done  by  tlie  nuicluuL  ut  the  rule  of  S</.  per  quarter,  or 
only  Id.  per  but'hrl. 
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Mr.  Humphries  observed  that  some  farther  improvements  had  been 
introduced  in  the  details  of  the  threshing  machinery,  subsequent  to  those 
described;  an  improvement  had  been  made  in  simplifying  the  combined 
motion  of  the  shakers,  and  working  by  a  crank  at  the  end,  causing  both  ends 
of  the  shaker  to  move  up  and  down.  The  divided  trough  or  riddle 
invented  by  himself  liad  been  adopted  in  consequence  of  the  great  vibration 
occasioned  by  the  single  trough  previously  in  use  ;  the  Avhole  machine  in  that 
arrangement  had  been  caused  to  rock  so  violently  as  to  require  the  frame 
fixing  down  to  the  floor ;  but  by  dividing  the  trough  or  riddle  into  two 
parts  moving  in  opposite  directions,  the  vibration  was  stopped,  the  opposite 
motions  counterbalancing  each  other,  and  preventing  the  necessity  of 
staying  the  machine  to  the  floor,  so  that  it  became  then  really  a  portable 
machine. 

Mr.  Hawkes  hoped  the  author  of  the  paper  would  continue  the 
subject  to  field  operations,  including  ploughing  by  steam  and  cultivating, 
which  had  become  now  such  important  mechanical  questions. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Waller  for  his  paper, 
which  was  passed,  and  regretted  that  he  had  been  unexpectedly  prevented 
from  being  present  at  the  meeting ;  and  expressed  a  wish  that  he  would 
give  a  farther  paper  on  the  subject  as  suggested. 


The  following  Paper,  by  Mr.  Robert  Morrison,  of  Newcastle-on-Tyne, 
was  then  read  : — 
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DESCRIPTION    OF    AN    IMPROVED    STEAM    PILE  DRIVER. 

The  tiuir  n-quitvil  for  all  large  work*  in  the  Ticinity  of  water  it  rciy 
much  iucrraM^l  by  the  tc«iiuut  proocM  of  pile  driving.  Wbeo  it  it  reool* 
Iccltxl  that  an  onlinarj'  pile  driving  •  '  -  '  '  -  rnim  will  ran-ly  Jrife 
more  tlinii  one  pile  in  a  dav  and  a  I.  ^  '  pile*  bv  thi*  meaiu 

becomes  a  lengthy  pnxx'ss.  and  ootta  in  wages  aloue  nenrly  £800.  To 
reJiioc  in  ftome  uiea.Hure  both  the  time  and  (-\  i«  customary  to  uae 

a  small  steum  engine,  and  to  eonnect  to  it  .  \\\   running  from  • 

number  of  the  old  hand  pile  drivers  ;  but  here,  although  bbour  certainly 
J!)  s;tved.  yet  the  original  machine  remaining  the  same,  no  additional  speed 
is  attainetl. 

U)K)n  the  commencement  of  the  extensive  dock  works  by  the  Hirer 
Tyiie  Commissioners  at  Hay  Hole,  near  Newcastle,  contracted  for  by  Mr. 
Thornbunt',  tliis  ditliculty  was  practicully  met  by  the  introduction  of  a  direct 
steam  pile  driver,  designed  by  the  author,  of  great  power,  capable  of  driving 
a  14  inch  square  pile  35  feet  in  12  minutes  in  very  difficult  ground  :  in 
fact  since  it  has  been  iu  ojieration  the  me»-e    '    .  "    '        '  -  has  been 

but  a  small  item  in  the  time;  gelling  up  tht-  j  :  preparing 

to  drive  them,  now  cause  the  principal  delay  ;  and  accordingly  2 1  pile* 
j>er  day  are  as  nmch  as  the  mm-hine  lias  usually  driven.  But  from  what 
can  lie  done  when  piles  are  ready  and  quickly  brought  up,  there  is  little 
doubt  but  that  the  machine  could  easily  drive  from  30  to  36  piles  in 
10  hours.  The  attendance  required  is  very  trifling  ;  namely,  one  engineman, 
one  stoker,  and  two  assistants  for  pitching  the  piles  ;  the  amount  of  wages 
being  thus  the  same  as  for  one  single  hand  machine,  with  the  exception  of 
a  few  shillings  more  given  to  the  engineman,  whilst  the  work  done  is  more 
thiin  30  times  as  great,  and  upoi»  ground  on  whith  no  hand  pile  driving 
machines  could  make  any  impression  at  a  depth  of  ir.orc  than  16  feet. 

The  new  steam  pile  dnvi-r  is  shown  in  Fij;s.  1  .i  .  i  •  ~  '.'■  -a-.A  96  ; 
Fig.  1,  Plate  95,  is  a  side  elevation  with  the  stf..:ii  .j,.ii..tr  ;:i  m..uou; 
and  Fig.  2,  Plate  96,  a  front  elevation.  Fig.  8  is  a  verticaJ  section  of  the 
steam  cylinder  to  a  larger  scale. 
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The  whole  of  the  apparatus,  auxiliary  engine,  boiler,  and  lifting  tackle, 
is  carried  upon  one  moveable  platform  AAA,  on  eight  wheels  BB, 
the  whole  travelling  as  the  work  progresses  along  rails  laid  on  the  piles 
already  driven  ;  upon  this  framework  are  erected  two  strong  uprights  CC, 
well  and  securely  fitted  together,  and  serving  as  guides  to  the  hammer 
cylinders  DD.  On  the  top  of  each  of  these  uprights  are  two  pulleys  E  and 
F,  the  larger  ones  E  for  raising  the  cylinders  and  placing  them  on  the  top 
of  the  piles  GG,  and  the  smaller  ones  F  for  raising  and  placing  the  piles 
themselves  ;  the  machinery  and  gearing  for  this  purpose  being  driven  by  a 
small  engine.  The  pile  G  is  made  round  at  the  top  and  hooped,  having  a 
shoulder  to  receive  the  collar  H,  Fig.  3,  to  which  are  attached  the  four 
columns  1 1,  carrying  the  cylinder  D  of  the  driver  or  hammer.  The  piston 
rod  K  is  made  large  and  forms  the  weight,  and  being  in  one  piece  with  the 
piston  is  perfectly  secure  against  all  liability  to  breakage.  The  cylinder  is 
guided  by  brackets  which  embrace  iron  plates  attached  to  the  uprights  CC. 
The  steam  is  conveyed  from  the  boiler  to  the  slide  valve  case  L  by  a  jointed 
steam  pipe  JNI,  wliich  allows  the  cylinders  to  move  up  and  down  as  the 
height  of  the  piles  may  require. 

When  it  is  desired  to  put  the  machine  in  operation,  the  auxiliary  engine  N 
is  connected  by  means  of  a  clutch  to  the  chain  barrels  0,  and  the  hammer 
cylinders  DD  are  lifted  to  the  top  of  the  uprights  by  the  chains  P,  and 
are  there  held  from  moving  by  a  break ;  the  gearing  is  then  disconnected 
from  them  by  the  clutch,  and  applied  to  the  smaller  bai-rel  R  on  wliich  is 
wound  the  chain  S.  This  chain  passes  over  the  smaller  pulley  F  at  the  top 
of  the  uprights  C,  and  is  attached  to  the  pile,  which  is  thus  raised  and 
placed  in  the  position  required  for  driving.  This  done,  the  cylinder  D  is 
lowered,  so  that  the  collar  H  fits  on  the  rounded  head  of  the  pile  and  rests 
upon  the  shoulder ;  the  whole  weight  of  the  cylinder  is  then  allowed  to 
rest  on  the  pile,  while  the  strokes  of  the  piston  rod  or  hammer  bar  K  cause 
the  pile  to  descend,  the  chain  P  being  then  left  slack,  so  as  to  allow  the 
cylinder  to  descend  with  the  pile  as  it  is  driven. 

The  apparatus  for  working  the  hammer  bar  is  very  simple,  and 
consists  of  an  ordinary  slide  valve  in  the  box  L,  Fig.  3,  the  valve  rod  being 
connected  to  a  volute  spring,  the  pressure  of  which  tends  to  hold  the 
valve  open,  so  as  to  admit  the  steam  into  the  bottom  of  the  cylinder  to 
raise  the  hammer  bar  K.  The  bottom  of  the  hammer  bar  has  a  catch, 
which  strikes  the  spanner  T  when  the  hammer  rises,  and  draws  the  valve 
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Txtd  (lowii,  •huUiiiK  uflf  Ibr  itpntu  fVum  tltr  oliiuler.  tntl  allowioK  tlie 


)| 


•hut  until  llir  haiiiincr  bat  d<*«cm<li*cl  anil  •(rurk  the  pile.  Tbe  eooru»»ion 
of  tlip  blow  r  top   oft'  «« 

tbrralcb  l.a; , iitr  •|iriii^- ;... 4 

tiie  ttmin  under  tbe  liMunurr  ready  fur  anotbrr  tlrokr.     Ttx  la 

contiuurd  in  this  niannrr  until  the  pile  i«  driven  deep  enough.  Ihe 
auxilinn  eiifrine  N  is  tbrn  put  into  ;jpnr  with  tin-  wb'    '     "    '  '  n 

clutch,  and  the  whole  uuicliiiic  is  iiindt-  t«>  uilvanci-  ,  :\ 

are  then  lifted  A<rai\i,  and  another  couple  of  piles  an?  raiard  and  | 
and  to  oi.  •  "    ' 

In  c<>       .  .^earing  for  raising;  the  pile*  and  the 

C}'lindfrs,  the  pile«  can  be  raised  up  preparatory  to  pitching,  while  those 
pri-N  -ed  are  b<-  i       Two  or  more  such  uuichiue«  inay   be 

use.:      :,  or  one  on..     ......  _\ed;   and  the  piles  may   be  driven  either 

upright,  or  at  an  angle  by  altering  the  uprights  as  circumotani'vs  may 
require ;  when  at  an  angle,  the  steam  should  be  used  on  both  sides  of  the 
pistons. 

The  auiiliary  engine  N  is  so  arranged  that  the  connecting  rod  works 
through  a  flat  elongated  trunk,  fixed  to  the  piston  and  |>aasing  through  • 
stuf!"  '     'nm  of  the  cylii.  '  "ki-j  also  a  round 

tniiiK       ^  :i  the  top  of  tii  rves  as  a  means 

of  lubricating  the  end  of  the  connecting  rod,  and  is  made  of  »uch  size  that 
the  effective  area  of  the  bottom  side  of  the  piston  shall  exceed  t-  e 

area  of  the  top  side  of  the  piston  by  such  an  amount  as  that  tht  -v  ii...i  of 
the  piston  with  trunks  and  connecting  rod  complete  may  be  correctly 
balanced,  taking  into  consideration  the  pressure  of  steam  intended  to 
be  used.     The  boiler  X  is  of  the  vertical  descripti  •     ■    -'  '  ,1 

firebox,  nearly  equal  in  size  at  the  bottom  to  thi  ■  i. 

and  at  the  top  equal  to  the  diameter  of  the  chimney.  This  boiler  has  beeu 
found  to  answer  very  well. 

The  advantages  of  the  steam  pile  driving  machine  aliove  described  are, 
that  th^  ram,  ptMon,  and  rod,  are  made  in  one   ^  1U|  iurhe»  in 

diimeter,   so  tli.it   there  is  no  p«>ssibilitN   of  bi........    ,.K-m  ;  and    being 

arranged  to  work  through  both  ends  of  the  cylinders,  they   nrquirc  no  other 
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guides ;  also  the  ends  of  the  ram  and  pile  are  always  exposed  to  view,  and 
can  at  any  time  be  got  at  without  taking  any  of  the  parts^to  pieces.  In 
the  ordinary  forms  of  the  machine,  on  the  other  hand,  the  ram  is  made  of  a 
large  square  block  of  cast  iron,  secured  to  a  small  piston  rod  2^  inches  in 
diameter ;  this  rod  again  has  to  be  secured  to  the  piston  in  the  cylinder ; 
and  a  round  face  has  to  be  keyed  on  the  end  of  the  square  metal  ram  to 
drive  the  pile,  making  in  all  three  joints,  all  of  which  are  a  source  of  trouble 
by  getting  loose  aud  breaking.  The  square  metal  block  or  ram  has  to  be 
guided  in  a  box  or  trunk,  made  of  boiler  plate  and  bolted  together,  so  that 
the  ram  and  gearing  are  hidden  from  view,  as  well  as  the  end  of  the  pile ; 
and  when  anything  gets  wrong,  the  whole  has  to  be  taken  to  pieces,  before 
it  can  be  seen  and  remedied. 

The  blow  from  the  new  machine  is  much  more  effective  than  that  of  a 
sliort  hammer  block  of  the  same  weight,  as  the  piston  rod  or  ram  is  a  bar 
12  feet  long  weighing  35  cwt.,  let  fall  3|-  feet  on  end,  instead  of  a  bar 
4  feet  long  and  the  same  weight,  let  fall  the  same  height ;  the  blow  of  the 
long  bar  on  end  being  found  to  be  one  half  more  effective. 

Lastly,  this  machine  drives  two  or  more  piles  at  the  same  time.  It 
has  a  clear  fall  of  3  feet  6  inches  with  a  weight  of  35  cwt.  It  is  carried 
upon  the  piles  already  driven,  and  does  not  require  two  extra  rows  of 
temporary  piles  to  be  driven,  in  order  to  carry  it,  as  in  ordinary  machines, 
which,  when  one  pile  is  driven,  require  to  be  shifted  sideways  to  drive  the 
other,  besides  being  shifted  forwards. 


The  Chairman  enquired  how  long  the  machine  had  been  at  work,  and 
whether  it  had  been  working  continuously  all  the  time. 

IMi'.  Bunking  replied  that  it  had  been  in  constant  work  for  nine 
months,  during  which  time  the  whole  pile  driving  on  which  it  was  employed 
had  been  completed.  The  contractor  had  at  one  time  thought  he  should 
not  be  able  to  get  through  his  contract  from  the  very  slow  progress  made 
by  the  hand  pile  driver ;  but  by  the  aid  of  the  machine  he  had  accomplished 
the  work  nuich  more  rapidly  than  was  expected. 
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The  duiKUAN  (ibn,  r\r«l  that  ihr  |in-M'iit  uuirhiiir  appearMl  similar  id 
actiou  lu  NiUiiuvtli'it  Kt^am  pile  dnvcr,  ncriit  that  the  cyliiidrr  wm  now 
inaile  to  n-^t  u|Kiii  the  pile  »u  u«  tu  ((o  duwn  with  it. 

Mr.   UuN'siNQ  utiil  that  ilie  actiou  wu  umiUr,  m  far  m  itr|pird«l  tlia 

use  of  a  iliri-ct-ju'tiji.j  stc-am  luiiuimT ;    but  then-  wat         ,'  '.r 

arran^'iiu-ut  of  tilt'  pn-M-nt  piK-  liiiver,  wiirn-ltN  ic  n-tju  fl 

liuui  the  iMTiiuuitMii  pilot  alreaily  driviti,  and  wa*  cajmble  of  (JrivinK  two 
pilea  nt  oius*.  ilms  ^rwitly   ■  '  ■   thr  work.        Tlir    ■  r  wai 

a  liiotlilic.il ion  of  the  steuiu  li  .  .vi-ntt-.I  \n   Mr    \lon. ,  ii  li?i'l 

bopii  describeti  nt  a  pri'viouit  lueftiii;;. 

Mr.  Samukl  Lluyd,  Juii ,  asked  wUt-thrr  the  «tufling  box  at  the 
bottom  of  the  cvUnder  would  not  clu-ck  the  blow  of  the  hnmuicr  iu  falling, 
by  the  frirtion  of  m>  lar^c  u  stutiiii;;  box. 

Mr.  BONNING  replietl  that  uo  ditKculty  of  that  kind  tuul  been  found  iii 
practiiv.  either  iu  the  pile  driver  or  in  the  steam  huiuiuers  con-  'i 

the  same   iniuiier.       The  sturtiu'.;   box   was  easily   adjusted  »>■  ji 

8t4.>am  tight  without  undue  friction. 

Mr.  HuMBEU  apprehended  the  new  pile  driver  would  be  appluablc 
Duly  to  piling  eotlerdains  or  other  continuous  work^,  and  not  fordn\in*' 
single  detacheil  piles.  He  entiuia*d  what  was  the  relative  co-st  of  dri\iiig 
oom|Mia-d  with  the  ordinary  pile  driving  engines. 

Mr.  Bi'NNiNc  could  not  state  the  exact  difference,  uut  t 

of  working  the  present   machine  wjis  little  more  than  for  an  oi. 
the  greatly  increased  amount  of  work  obtained  would  reduce  the  cost  of 
driving  to  k-^s  than  l-20th  of  what  it  amounted  to  previously. 

Mr.  Phillips  enquired  wlmt  time  was  taken  to  drive  the  pile«,  and  the 
nature  of  the  ground,  and  what  was  the  weight  of  the  whole  apparatus. 

Mr.  Binning  stated  that  the  piles  were  driven  very  rapidly,  7  to  12 
minutes  being  the  time  required  for  driving  a  pile  to  a  depth  of  18  to  35 
feet  in  very  difficult  ground.  The  hammer  weighed  35  cwt.  in  the  pir-rnt 
cnse,  and  the  whole  weight  of  the  machine  was  about  6  or  7  toi. 

The  C'liAluMAS  asked  whether  there  were  more  than  > 
mnchines  at  work,  and  whether  tlu-iv  had  Ix-cn  nuich  troulile  fVi': 
the  piles. 

Mr.  BtSNlNG  replied  ihat  llu^  wa->  Ihe  i>iii\  in.u  liuir  at  uork 
at  present;  it  had  been  iuund  liiiiliK  -.ili-Ci.  :<ii  . .  :iiid  lutd  ii<\ii-  in  dii\  umv 
damaged  the  piles. 
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■Mr.  Ramsbottoji  reuiarkecl  that  the  blow  was  given  entirely  by  the 
weight  of  the  hammer,  and  no  provision  was  made  for  admitting  the  steam 
above  the  piston  in  order  to  increase  the  force  of  the  blow. 

Mr.  BuNNiNG  said  that  the  machine  mia-ht  be  constructed  for  admitting 
the  steam  above  the  piston  for  the  downward  stroke,  and  this  woidd  be 
necessary  where  the  piles  were  to  be  driven  in  an  inclined  position,  which 
was  not  reqnired  in  tlie  present  case. 

The  Chairman  asked  whether  the  self-acting  apparatus  connected  with 
the  slide  valve  was  always  used,  or  whether  the  pile  driver  was  worked  by 
hand. 

Mr.  Bunking  replied  that  the  present  machine  was  not  made  to  be 
worked  ])y  hand,  but  it  was  intended  to  construct  all  the  machines  in  future 
to  be  worked  by  hand.  The  steam  hammers  were  now  made  to  be  worked 
by  hand  entirely,  instead  of  self-acting,  and  it  was  found  that  80  blows 
per  minute  could  be  given  by  hand ;  that  plan  answered  practically  for  ail 
purposes,  and  was  more  convenient  and  more  readily  controlled  than  the 
self-acting  gearing. 

Mr.  Hawkes  remarked  that  it  had  been  found  by  Mr.  Nasrayth 
that  for  driving  piles  a  heavy  weight  falling  a  small  height  was  preferable 
to  a  smaller  weight  falling  a  proportionately  greater  height,  the  effect  of 
the  blow  being  less  injurious  to  the  head  of  the  pile.  Atmospheric 
pressure  had  been  applied  by  Mr.  Bach,  of  Birmingham,  for  the  purpose  of 
stamping,  and  there  appeared  to  be  some  advantages  in  the  plan ;  the  ram 
was  lifted  by  exhausting  the  air  from  tlie  upj^er  part  of  the  cylinder 
through  a  flexible  tube  connecting  it  with  an  air  pump  woi-ked  by  an 
engine,  and  was  then  let  fall  by  admitting  the  air  to  the  top  of  the 
cylinder. 

Mr.  Bach  thought  a  very  simple  machine  might  be  constructed  for 
pile  driving,  to  be  worked  by  atmospheric  pressure,  having  a  solid  ram 
of  cast  iron  instead  of  a  piston  and  rod,  the  vacuum  being  produced  by  a 
small  stationary  or  portable  steam  engine,  which  might  be  situated  at  a 
great  distance,  even  a  quarter  of  a  mile,  there  being  no  loss  of  power  from 
condensation  in  the  long  pipe  as  in  the  case  of  steam.  He  had  found  the 
plan  work  very  well  for  stamping  metals,  making  dish  covers,  and  forging 
bolts  and  nuts,  and  could  obtain  60  blows  per  minute  by  this  means. 

Mr.  Shelley  observed  that  Potts'  pile  driving  machine  acted  on  the 
same  princi;)le  of  employing  air,  except  that  the  pressure  of  the  atmosphere 
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the  dririu;;  pnwrr,  ilistead  uf  bruif;  uard  only  to  UA  tbc  na  ; 
the  air  wa«  rtb«u»lrtl  fntiu  ihr  iutmor  uf  tlir  pitr*.  whidi  wrtr  made 
koUow  ft»r  I  Up  puriKi«c,  bikI  |»ili-«  mm  ilnrrn  in  thu  mannrr  »pfy 
•ueoeacfuUy  iu  lituniiims  whrre  auy  otbrr  iiihIumJ  miKtil  be  aitrthlal 
with  di(1icniitir«. 

Ttio  CiuiMMAN  Mtd  thry  would  br  ^htd  if  Mr.  Harh  would  eoauBoat- 
catr  the  particulnnt  of  his  a|)|Minitua,  uid  it  mi^^t  Iraii  to  •omc  fitftker 
improveturiit  in  pila  driviiif;  machinrry.  ()d«  advantage  of  the  diantaaioB 
of  mechanical  (|urstioii4  in  the  Institution  l.i.  'oa  of 

penons  fnuu  tlilTcrt-ut  {Mirta  uf  tlit*  kin;i^«loui  i  under 

eonsideration,  atTonling  an  opportunity  for  cotu|wirin;;  the  rewulta  of 
experi«ruw  in  |  -  ui<*«m» 

Mr.  Bin M  ..       :i  in  the  case  of  ttaniping 

it  would  be  better  to  use  steam  power  direct,  insttnd  of  ruiploying  it  to 
ereate  a  vacuum  by  means  of  nii  air  pump,  and  then  usiii^  the  vacuum  to 
work  the  raachiner)'.  There  were  ttrtainly  niuny  a<lvantages  in  employing 
air  in  certain  cases,  particularly  where  cleanliness  of  work  was  of  importance, 
as  in  stamping;  medals,  coining,  and  some  other  processes ;  but  in  geueral 
he  thought  it  would  be  found  prtft-rablf  to  i,  t 

Mr.  Hacu  observe*!  that  the  use  of  air  «  .ihan  advantage 

in  all  coses,  in  savin<<;  leakage  uud  condensation  of  steam,  and  avoiding  the 
<  'on  of  steam   pipe  joint'*   as   compared    with  air  pipes;  iu  pile 

.;  _  (icrutions,  all  the  machinery  worked  l»y  steam,  with  the  boiler  and 
fire,  might  be  kept  compact  at  a  distance,  on  solid  ground,  and  the 
flexible  air  tube  could  be  conveyed  readily  to  grt«t  distance*,  without 
inconvenience  or  loss  of  power  from  cooling. 

The  C'HAIUMAN  proposed  a  vote  of  thanks  to  Mr.  Morrison  and 
Mr.  Bunning,  which  was  passed. 


The  Meeting  then  terminated  ;  and  after  the  meeting,  Mr.  KoUett  0»ler. 
of  Birmingham,  exhibited  a  gyroscope  of  large    si/e,  for  •  ■'      • 

iilusiraling  the  stability  of  the  axis  of  rotation  of  a  rrvur. ....  .       a 

new  steam  preasure  gauge  wn-^  also  exhibited,  by  Mr.  John  Inshaw,  of 
Birmingham. 
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